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PRELIMINARY. REPORT ON THE GEOLOGY AND WATER 
RESOURCES OF NEBRASKA WEST OF THE ONE HUNDRED 
AND THIRD MERIDIAN." 



By Nelson Horatio Darton. 



INTRODUCTION. 

This report is based on field work of the season of 1897. It is designed mainly 
to furnish information in relation to the geologic structure and the prospects for 
underground waters. A general account will also be given of the surface waters 
and their present and prospective use for irrigation, etc. The region is the portion 
of Nebraska lying west of the one hundred and third meridian, comprising Sioux, 
Scotts Bluff, Banner, and Kimball counties, the western portions of Cheyenne 
and Boxbutte counties, and the central and western portion of Dawes County; 
in all, an area of 7,400 square miles, adjoined on the west by Wyoming, on the 
north by South Dakota, and on the south by Colorado. It lies on the Great Plains 
south of the Black Hills of South Dakota. The Scotts Bluff, Banner, and Cheyenne 
counties areas were examined in detail, but time did not permit more than a general 
reconnaissance of the adjoining regions. I was assisted by Mr. C. A. Fisher, who 
obtained the data for the greater part of Kimball and Boxbutte counties. For 
several months I was accompanied by Prof. E. H. Barbour, the acting State geolo 
gist of Nebraska, who did much to further the progress of the work. 

Numerous data in regard to irrigation in the Niobrara River, White River, and 
Hat Creek basins were kindly furnished by Mr. J. M. Wilson, the State engineer. 

TOPOGRAPHT. 

General features. — The region is a typical portion of the Great Plains, which 
extend far eastward from the foot of the Rocky Mountains. To the south this 
portion of the plains is traversed by the deep, broad valley of North Platte River 
and the smaller valleys of Niobrara River and Lodgepole Creek; to the north, at the 

"This is a reprint of the paper in the Nineteenth Annual Report of the United States Geological Survey, 1897-98, Part 
IV, pp. 719-785, Plates LXXIV-CXVIII, published in 1899. In the present edition there are only a few corrections in some 
of the maps and a few minor changes in Ktatementa regarding geology. An index has been added and there is new 
pagination and renumbering of plates and figures. 
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10 GEOLOGY AND HTDBOGBAPHT OF WESTERN NEBRASKA. 

valleys of White River and Hat Creek, it gives place to lowlands extending to 
Cheyenne River at the southern foot of the Black Hills. The northern edge of the 
plains presented toward these lowlands is marked by a great escarpment, or line of 
steep slopes, which is known as Pine Ridge. It begins in Wyoming and is the most 
conspicuous topographic feature in northwestern Nebraska. 

PI. XI has for its base a topographic map of the region, with contour lines 100 
feet apart. These contour lines indicate heights above the sea, and they are 
numbered accordingly. The lines for every even 600 feet are made heavier than the 
others. Contour lines are lines of equal elevation, consequently they are drawn 
along the slopes of valleys like level irrigation ditches, in this case 100 feet apart 
vertically, extending up the side valleys, and running out around the points of 
projections. They encircle detached hills, and an isolated hill rising 600 feet above 
the plain would be indicated by five of the 100-foot contour lines. From the fore- 
going statement, it will be seen that contour lines are crowded near together on steep 
slopes, but are widely separated on the plains and in the river bottoms. Thus, they 
indicate the shape of the land as well as its elevation. 

For Banner, Scotts Bluflf, and portions of Cheyenne and Sioux counties, the 
contour map is based on the detailed maps, with 20-foot contour lines, of the Scotts 
Bluflf," Camp Clarke,*^ and Whistle Creek quadrangles of the United States Geological 
Survey. In other portions of the region it has been necessary to employ barometer 
readings and local observations extending from points of known heights on the 
several railroad lines. These approximate data are distinguished on the map by 
broken contour lines. 

PI. II is a view of a relief map of Nebraska, which also shows the configuration 
of this area. 

High table. — The original surface of the region to which this report relates was 
a relatively smooth plain, which sloped gently to the east. This plain was uplifted 
in early Pleistocene time, and the rivers extending across it excavated valleys of 
greater or less width and depth, soon giving rise to the broader features of the 
present configuration. The remains of the plain lie between the valleys, where they 
constitute wide areas of high table-lands, smooth or very gently rolling in contour, 
and sloping to the east. The widest areas of this table lie on each side of the valley 
of Lodgepole Creek, and extend north from the valley of North Platte River to the 
great escarpment of Pine Ridge, where there is an abrupt descent of over 1,000 feet 
to a region of low rolling plains which extend to Cheyenne River at the southern 
foot of the Black Hills. Some features of this great escarpment are shown in Pis. 
U, VIII, XVII, and XXI. The broad area of table terminating in Pine Ridge is 



a Topographic maps of these two quadrangles have recently been issued by the Survey and may be obtained by remit- 
ting 10 cents (5 cents for each) to the Director, United States Geological Survey, Washington. D. 0. 
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traversed by the wide, shallow valley of the Niobrara, south of which it is surmounted 
by irregular zones of sand hills. The edge of the table descending to the valley of 
North Platte River presents steep slopes deeply notched by canyons. Next south, 
there is an outlying area of the high plain, preserved as a long, high, narrow ridge 
lying between the valleys of Pumpkinseed Creek and North Platte River. This 
ridge is so narrow and so deeply invaded by canyons that it has lost the flat-topped 
character, except in a few small areas in its widest poitions. Its summits, however, 
in many cases rise to the plateau level. The ridge owes its isolation to a former 
channel of Horse Creek, which at one time flowed through the Pumpkinseed Valley. 
Eight miles south, across the valley of Pumpkinseed Creek, a branch of North Platte 
River, rises the steep face of the wide area of high table-land extending to the valley 
of Lodgepole Creek, and continuing beyond that valley far into Colorado. The 
altitudes on the table-land average about 4,300 feet along the one hundred and third 
meridian, and increase to nearly 5,000 feet in the vicinity of the Wyoming line. In 
the southwestern portion of Banner County, and again in the extreme southwestern 
portion of the State, the altitudes somewhat exceed 6,300 feet. Here is found the 
highest land in the State. Scotts Bluflf has the reputation of being the highest point, 
but its altitude is only 4,662 feet. Wildcat Mountain, which has shared the claim 
as the highest point, is 5,038 feet, or fully 300 feet lower than the highest points on 
the high table along the Wyoming line. 

North Platte Valley. — The region is traversed near its center by the broad valley 
of North Platte River, a stream which enters the State from Wyoming and carries 
the drainage of a wide area in the Rocky Mountains. This valley has been excavated 
from the plain which, as before stated, originally extended unbroken entirely across 
the western Nebraska region. The depth of the valley averages in the greater part 
about 700 feet, and its width varies from 10 to 15 miles. The slopes along its sides 
present many irregularities. There is first a broad flat along the river, which rises 
only a few feet above the water. This flat merges into irregular terraces, rising for 
about 200 feet, with slopes of varying degrees of steepness. Then come steep-sided 
projections of high lands extending from the edge of the high table above and sepa- 
rated by canyons which are cut into the margin of the table for some distance. 
These canyons have been excavated by small streams which flow into Platte River in 
times of heavier rainfall. The higher slopes of the valley are marked by cliffs and 
buttes of varied form and height, which often are very imposing in appearance. On 
the south side of the valley there rises an irregular ridge of striking prominence, 
cut off from the main high table to the south by the wide valley of Pumpkinseed 
Creek. The greater part of this ridge varies in width from 3 to 6 miles, with long 
projecting spurs and occasional outlying buttes. Its crest is relatively uniform in 
height, about 800 feet above the bottom of the Platte Valley. In the vicinity of 
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the Wyoming line its altitude diminishes greatly, but it is practically isolated from 
the high tables southward. The main axis of the ridge is about 7 miles south of the 
liver, but several spurs extend nearly to the river. One of these terminates in 
Chimney Rock, shown in PL XXIV; another at Castle Rock, shown in PI. XXXII; 
and a third at Scotts Bluflf, shown in PL III. To the east this ridge termi- 
nates in two outlying buttes, known as Courthouse and Jail rocks, shown in Pis. 
IV and V. It also sends a branch ridge out into the Pumpkinseed Valley, 
on which there are some particularly high knobs, one of which is known as 
Wildcat Mountain and the other as Hogback Mountain, in which an altitude of 
somewhat over 5,000 feet is attained. The western part of the ridge has an altitude 
of 4,860 feet. Scotts Bluflf has an altitude of 4,662 feet and Courthouse Rock 4,100 
feet. The ridge is deeply invaded by numerous canyons, which have cut away 
nearly all its original tabular surface. Toward its eastern extremity its lower slopes 
bear extensive accumulations of sand hills, notably In the region south of Camp 
Clarke. 

The Pumpkinseed Valley south of this ridge is elevated somewhat above the 
valley of North Platte River, into which it opens at Lapeer. It varies in width 
from 7 to 12 miles. It is characterized by gentle slopes, which extend north to the 
steep slopes and buttes of the ridge above described, and to the south to the cliflfs 
and canj^ons at the edge of the high table. Lawrence Fork, the principal branch of 
Pumpkinseed Creek, occupies a valley which heads to the south and west on the 
surface of the table-lands. 

Lodgepole Valley. — Lodgepole Creek has cut a narrow, steep-sided trough in 
the plains to a depth averaging 300 feet. The valley contains a flat which has a 
declivity of about 17 feet to the mile, having an altitude of about 4,100 feet on the 
one hundred and third meridian and nearly 5,000 feet at the Wyoming line. Its 
average width varies from li to 3 miles. The principal branch is Sidney Draw, the 
two forks of which rise on the table-land in the vicinity of the Colorado line. 

Niobrara Valley, — The Niobrara River flows in a wide, relatively shallow 
valley, high up on the table-lands lying between the valley of North Platte River 
and the crest of Pine Ridge. It enters Nebraska from Wyoming, flows southeast 
for 20 miles, and then nearly due east. At the Wyoming line its altitude is about 
4,700 feet, and at the one hundred and third meridian about 3,900 feet, which 
indicates a gradient of 13 feet to the mile. The valley bottom is seldom over half a 
mile in width, with gentle slopes interrupted by occasional low cliflfs. The bottom 
of the valley is only from 400 to 500 feet below the crest of Pine Ridge, and it is 
uniformly about 400 feet above the level of North Platte River along a north-north- 
east and south-southwest line, while to the north the lowlands beyond Pine Ridge 
are at altitudes about 600 feet lower than Niobrara River. 

White Ri^er VaUey, — White River rises in Pine Ridge, near Harrison, at an 
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altitude of about 4,800 feet, or several hundred feet higher than Niobrara River, a 
short distance to the southwest. It flows to the east, and has excavated a gorge in 
the northern face of Pine Ridge, which has a fall of 1,100 feet in the first 20 miles, a 
declivity of 55 feet to the mile. Near Crawford the valley of White River merges 
into the rolling plains at the foot of Pine Ridge, and then extends northeast as a 
wide, shallow depression among rolling hills, in which its declivity is only 20 feet to 
the mile. Its altitude at the one hundred and third meridian is about 3,100 feet. 
The river receives many streams from the deep canyons in the northern front of Pine 
Ridge, and a number of intermittent creeks from the rolling country northward. 

Hat Creek Basin. — Hat Creek is a branch of the South Fork of Cheyenne River. 
It rises in a canyon in the north front of Pine Ridge, in Sioux County, and receives 
numerous branches also heading in this front. To the east, where Pine Ridge trends 
southeast and passes around toward the head of White River, the divide between the 
Hat Creek and White River drainages is a low, narrow ridge, which projects from 
the spur of Pine Ridge near Adelia, and extends far to the northeast into South 
Dakota. The highest points on this divide beyond Round Top, the high spur of 
Pine Ridge, are some outlying mounds, of which the most conspicuous is the Sugar 
Loaf, due north of Adelia. Where the ridge is crossed by the Burlington and 
Missouri River Railroad, north-northwest of Adelia, the altitude is 3,816 feet. 
From the Sugar Loaf northeast the ridge is moderately high for some distance, and 
then gradually diminishes in height. It is crossed by the Dead wood line of the 
Fremont, Elkhorn and Missouri Valley Railway at an altitude of about 3,650 feet. 

The upper portion of the Hat Creek Basin consists of deep canyons extending 
far into the north front of Pine Ridge. The sides of these canyons rapidly diminish 
in height to the north, and soon give place to a region of low rolling hills having a 
generally gentle slope northward. On the South Dakota line the altitude of Hat 
Creek is about 3,500 feet. 

Sand hills. — There is in this portion of western Nebraska a narrow extension 
of the great sand-hill area of Nebraska. The hills are comprised in a series of 
detached groups that lie mainly in the northern portion of Cheyenne and the south- 
central portion of Sioux counties and cover an area of about 300 square miles. 
Their distribution is shown on the map, PI. XI. The hills are mainly from 50 to 
150 feet in height, and the areas consist of assemblages of irregular dunes with 
intervening basins and valleys. In T. 26, R. 55, and T. 27, R. 56, there are some 
exceptionally high sand hills, which rise somewhat over 5,000 feet in altitude, or 
from 200 to 250 feet above the surrounding plain. The lower dunes are in greater 
part covered with a scanty growth of grass, but there are man}^ areas of consider- 
able extent in which the sand is bare and loose. These localities are generally 
"blowouts" on the northwest slopes of the larger dunes. There is an extensive 
local sand-hill area along the south side of the valley of North Platte River, on the 
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slopes south of Camp Clarke, which extends as far eastward as the vicinity of 
Courthouse Bock. The width of this belt is but 5 miles at most, and its length 
about 15 miles. An area of smaller size lie? just west of Chimney Rock. 

GEOIiOGY. 

GENERAL GEOLOGY OF NEBRASKA. 

The geology of Nebraska presents broad structural features which it is neces- 
sary to outline before a clear idea can be given of the local relations in the western 
portion of the State. The principal formations which outcrop are extensive sheets 
of sands and clays of Cretaceous, Tertiary, and Pleistocene age, underlain by Car- 
boniferous limestone, which outcrops in the southeastern counties. In the map, 
PI. IX, an attempt has been made to indicate the present state of knowledge of the 
distribution of the principal formations. It is based on a large number of new data 
from personal observations. In the cross section, PI. X, are shown the principal 
structural relations of the formations. The following list sets forth their order, age, 
and salient features: 

Table of geologic formations in Nebraska. 



Age. 



Pleistocene . 



Name. 



Alluvium . 
Sand hills 

Loess 

Drift 



Neocene. 



Equus beds 

Ogalalla formation (Plio- 
cene). 

Arikaree formation (Mio- 
cene). 

Gering formation (Miocene) - 
Brule clav 






Eocene (Oligo- 
cene?) 



Cretaceous. 



Chadron formation . 
Laramie formation . 

Pierre clay 

Niobrara formation. 



as P. 
*^ o 

2& 



Predominant characters. 
Sand, loam, and gravel in valleys; talus on slopes. 
Sand mainly in dunes, due to wind action. 
Fine sandy loam of pale brownish-buff color. 
Bowlder clays and sands of glacial origin, and 

sandy clays, sands, and pebble beds. 
Gray sands. 
Calcareous grit, sandy clay, and sand. 

Gray sand with beds of pipy concretions. 

Coarse sands, soft sandstone, and conglomerate. 
Pinkish clays, hard, and more or less arenaceous. 



Benton shale 

Dakota sandstone 

i Permian limestone 
Cottonwood limestone. 
Wabaunsee formation . 



Pale greenish-gray sandy clay. 

Yellowish and greenish sandstone and shale. 

Dark-gray clay or soft shale. 

Chalky limestone and shale. 

[Dark-gray or black shale or clay. 

. Brown sandstone. 

.Buff limestones and shales. 

.Massive limestone of light color. 

-Limestones, shales, sandstones, and thin coal beds. 
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SMOKESTACK ROCK, FROM THE EAST. 

Showing outliers of conglomerate in Arikaree formation. 
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AUwoium. — Owing to the softness of the Cretaceous and Tertiary formations 
which constitute the surface of the greater part of Nebraska, the river valleys are 
wide, and they are floored to a greater or less depth with deposits of alluvial mate- 
rials brought by the streams at various stages of their development. The largest 
alluvial areas are along the valley of Platte River, which has a width of 15 miles in 
the central portion of the State. Southwest of Omaha, where the river crosses the 
hard rocks of the Carboniferous which rise in the eastern part of the State, its 
valley is narrowed greatly. The valleys of Republican, Blue, Nemaha, the Loups, 
Elkhorn, and Niobrara rivers contain alluvial deposits of moderate width, and all 
the smaller valleys contain local alluvial materials to a greater or less degree. The 
deposits are mainly sands and loams, intermixed with pebbles in some localities, and 
occasionally associated with local beds of clay and accumulations of peat and diato- 
maceous earth. 

Sand dunes. — A wide area of central Nebraska is occupied by wind-blown sands, 
constituting the great sand-hill district. Its area is about 24,000 square miles. The 
sand in this district is blown into high ridges and hills, but there are numerous inter- 
secting valleys of various sizes which constitute a moderate proportion of the area. 
There are local accumulations of wind-blown sand of considerable extent along the 
valley of Platte River south of Kearney, along Loup River north of Grand Island, 
along the south slopes of the North Platte Vallej'^ west of the one hundred and third 
meridian, and in Chase, Perkins, and Lincoln counties. 

The sands were largely derived from the Arikaree formation, but it is also prob- 
able that they are in part the remains of formations of early Pleistocene age or an 
extension of the Ekjuus deposits or the loess. 

Loess, — The loess occupies more than one-third of the area of Nebraska, usually 
giving rise to level plains, which it underlies to a thickness of about 100 feet. The 
widest area is in the table-lands south of Platte River. To the northwest it is ov^er- 
lapped by the sand hills, but it extends far north in the eastern portion of the State 
and to the southwest to Dundy County. On the divides it is limited on the west by 
the highlands in Chase and Hayes counties, but extends farther up the valley of 
Republican River. The western margin in Deuel County is marked by high ridges 
of Tertiary formations, which constituted a shore against which the loess was depos- 
ited. The material of the loess is a fine, sandy loam, somewhat calcareous, and 
chiefly of a pale brownish-yellow color. Occasionally streaks of sand and old soil are 
found, and some portions are slightly more argillaceous than usual. The deposit 
is of a remarkably uniform texture, compact, but perfectly soft. Much of the water 
falling upon its surface is absorbed, but on steep slopes there is rapid excavation 
wherever a rivulet gets a fair start. In the lower part of the formation, possibly 
underlying it, and entirely separate, are deposits of volcanic ash, usually mixed with 
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more or less fine sand, but often consisting almost entirely of fine shreds of volcanic 
glass. 

The thickness of the loess is variable, but over a wide area of the central portion 
of the State it averages 100 feet. It has similar thickness at most points near Mis 
souri River. In the region of drift hills about Lancaster County the thickness varies 
from 20 to 100 feet. 

The loess is the product of a relatively long period of deposition at the close of 
Glacial time. In the wide area in centml Nebraska it was deposited by Platte River 
at a stage when the river spread as a wide plexus of streams over the divide south of 
its present course. The deposits extend far up the slopes of the high drift hills 
about Lancaster County, and probably the greater portion of this area was originally 
entirely covered by earlier loess. Missouri River spread i^ wide mantle of loess 
across the eastern margin of the State, and in the later stages of deposition this loess 
was deposited in the lower, wider valleys among the drift hills. 

Drift. — ^The glacial drift covers the greater part of Nebraska east of longitude 
97° 30'. It is a product of the Kansan stage of the Glacial epoch, when a lobe of the 
glacier extended to Kansas River. Extending west from the glacial-drift border there 
is a thin sheet of sands and gravels, which is continuous under the loess to beyond the 
one hundred and second meridian. The greater portion of the glacial drift consists 
of blue and gray bowlder clays. There are locally included sand beds, and in some 
localities extensive deposits of bowlders. The pink Sioux quartzite, often in very 
large masses, is a conspicuous feature of the drift, but there are manj^ other rocks 
associated with it. Wide areas of clay surfaces with only a few scattered bowlders 
occur, and there are other areas of light sandy clays, particularly on the higher level 
lands, which appear to be loess merging into the glacial drift. The drift is thick in 
Lancaster and Gage counties. It thins i-apidly toward Missouri River, where it is 
usually represented by a thin layer of gravel underlying the thick mantle of loess. 
The thin drift sheet, which extends far west from the glacial-drift margin under the 
loess, is usually sand or sandy clay, commonly of pinkish color. To the north it is 
often represented by coarse sand, and to the west it merges into a gravel bed. 
Pebbles of a great variety of rocks, apparently mainly of Rock}- Mountain origin, 
occur throughout. The westernmost extension of this deposit observed was in the 
table-land north of Big Spring, in Deuel County, where it is represented by a bed 
of gravel 20 feet thick underlying 100 feet of loess. 

Ogalalla forraation, — Extending from Kansas and Colorado far into Nebraska 
there is a calcareous formation of late Tertiary age to which I wish to apply the 
distinctive name Ogahlla forrrvation. It is a portion, if not the whole, of the deposit 
which in Kansas and southward has been called the "Mortar beds," ''Tertiaiy 
grit," and other names. It has been regarded as a portion of the Loup Fork 
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formation. It is extensively developed in the western part of Nebraska, in the 
region about Lodgepole Creek and in the area between Platte River and the Kansas 
line west of the ninetj' -ninth meridian. It thins out in Banner County and in the 
central part of Cheyenne County, giving place to the northwest to an underlying 
member of the Loup Fork series. It crosses North Platte River in the western part 
of Deuel County, but its limits in the central and northern portions of the State have 
not been ascertained. It appears to underlie a portion at least of the great sand-hill 
district. In its typical development the Ogalalla formation is a calcareous grit or 
soft limestone containing a greater or less amount of interbedded and intermixed clay 
and sand, with pebbles of various kinds sprinkled through it locally, and a basal bed 
of conglomerate at many localities. In places it merges into a light-colored sandy 
clay, generally containing much carbonate of lime in streaks or nodules. The 
pebbles it contains comprise many crystalline rocks, which appear to have come from 
the Rocky Mountains. These pebbles accumulate on the disintegrating surfaces of 
the Ogalalla formation, and they appear to have contributed largely to the gravel 
bed underlying the loess to the east. 

Arikaree formation. — In the western portion of Nebi'aska there is found 
underlying the Ogalalla formation a series of sands of gray color everywhere 
characterized by layers of dark-gray concretions which often have tubular form. 
This formation enters the State from Wyoming, and has been found to thiu out 
under the Ogalalla formation in the eastern portion of Banner County. It has a 
thickness of 400 feet in Scotts Bluff County and of 500 feet in Sioux and Dawes 
counties, the amount increasing as the Arikaree displaces the Ogalalla formation 
northward. It is extensively exposed along Niobrara River, apparently to the east 
of Valentine, and it is seen occasionally along the western edge of the sand-hill 
district, but it has not yet been distiricth^ recognized in the region drained by the 
Loup Forks or along Platte River east of Cheyenne County. In its upper portion 
are beds containing the large Dsemonelix of Barbour. The name Arikaree has been 
applied to the deposit for the reason that the Arikaree Indians were at one time 
identified with the area in which it is most largely developed. It is distinctly 
separated from the Ogalalla formation by erosional unconformitj^ and overlap, which 
is clearly illustrated in the western portion of the State. The formation includes a 
large amount of volcanic ash, as a general admixture in its sediments as well as in . 
beds of considerable extent and thickness. It also contains a number of channels 
filled with conglomerate, which will be described in detail later. (See p. 28.) 

Gering formation, — This formation, like the Arikaree and Ogalalla formations, 

was differentiated in the summer of 1897. It consists of laminated, massive, and 

cross-bedded, light-gray, mainly coarse sands and soft sandstone at the base of the 

Arikaree formation. The character of the deposits and the abrupt change from 

14478— No. 17-03 2 . ' 
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the t^TDical Arikaree formation have afforded a basis for the discrimination of this 
formation. It has been found in Scotts Bluff, Banner, Cheyenne, Sioux, and Dawes 
counties, and locally attains a thickness of 200 feet. It often comprises two 
members, more or less distinctly separated by unconformity, and it lies unconform- 
ably on the Brule clay. The materials are sands, which vary from coarse to fine, 
and they are often sufficiently litbified to be classed as soft sandstone. At the base 
there is usually more or less conglomerate of local ori^n. In some districts the 
formation thins out and appears to be entirely absent, but possibly in this case it has 
simply lost its distinctive characteristics, so that it would be overlooked as the lower 
portion of the Arikaree formation. In some cases where the formation is thought 
to be absent there is seen to be unconformity below the Arikaree beds. 

Bnile day. — ^The White River beds in their extension from South Dakota into 
Nebraska present some differences in stratigraphic range and relations. They 
expand considerably and include, at their top, beds which appear not to be repre- 
sented in the typical regions. Accordingly, to afford distinct definitions for the 
members in Nebraska, 1 have introduced the designation Brule clay^ and separated 
the underlying Titanotherium beds as the Chadron fonnation. 

The Brule clay consists mainly of a hard, sandy clay, of pale-pink color. Its 
thickness averages about 600 feet in the vicinity of the Wyoming line, but the 
amount diminishes greatly eastward. In the vicinity of the one hundred and 
third meridian in the northwest corner of the State it has a thickness of 320 feet. 
The formation has not been recognized east of longitude 101° 30', where it appears 
to sink beneath the surface in the Platte Valley. It extends far to the northeast 
in South Dakota. 

Chadron formation. — Lying under the Brule clays there is a thin sheet of light- 
greenish, sandy clay, the basal member of the White River series, known as the 
"Titanotherium beds." Its outcrops extend in a narrow zone across the northern 
portion of the State, and it is apparently exposed along North Platte River near the 
Wyoming line. It is known to underlie portions of Colorado and South Dakota, but 
it appears not to extend far eastward in southern Nebraska, for it is absent along 
Republican River. It is reported that Titanotherium. remains were obtained near 
Longpine, but nothing has been learned of the relation and extent of the beds in that 
locality. 

Laramie formation. — The Laramie formation extends under the southwestern 
corner of Nebraska, but probably to no great distance. Its only exposures are along 
the State line on Horse Creek west of Caldwell and in another small area a few 
miles southwest of that place, where it rises in a low mound under the Brule clay. 
The rocks are yellowish and greenish sandstones and clay. 

Pierre clay.— AW of Nebraska west of the ninety-eighth meridian is underlain by 
the Pierre clay. Its surface outcrops are in the lower portion of the Niobrara Valley, 
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the Republican Valley, and the extreme northwest comer of the State, but it is 
probable that careful search will reveal outcrops in the valley of the Platte River in 
the vicinity of the ninety-sixth meridian. The formation is a thick mass of dark- 
gray or bluish clay or soft shale. Its thickness is probably at least 2,000 feet in the 
central-western portion of the State. 

Niobrara and Benton fon/tatimis. — Underlying the Pierre clay there is a series 
of chalky limestones known as the Niobrara formation and shales known as the 
Benton formation. They have a thickness of about 450 feet to the east, but thicken 
to the west. At the base there are about 200 feet of dark shales, overlain by slabby 
limestones of the Greenhorn formation containing Inoceramics^ which are followed by 
a series of shales with few thin sandy layers, and at the top the Niobrara formation 
with its chalk}' deposits characterized by thin hard beds filled with Ostrea congesta. 
The formations cross the eastern portion of the State, and underlie all of the area 
west of the vicinity of the ninety-seventh meridian, but they are so deeply buried 
under drift and loess that outcrops are rarely visible. The most extensive exposures 
are along Missouri River, extending from near the ninety-seventh to the ninety-ninth 
meridian, and along the Republican Valley from Alma to near Superior. The 
formations are exposed at intervals across the eastern portion of the State in each of 
the larger valleys and some of the branches. The more notable of these small 
outcrops are at Genoa, north of Germantown, near Crete, at Pleasant Hill, and in 
Beaver Creek north of Dorchester. There is an exposure of dark shales under some 
ledges of Greenhorn limestone in Big Blue River at Milford, which are Benton. 
During the summer of 1897 upper Benton and Niobrara beds were discovered rising 
in a prominent anticline along White River in the vicinity of Beaver and Alkali 
creeks, in the northwest portion of the State. 

Dakota sandstone, — The Dakota sandstone underlies nearly all of Nebraska, and 
outcrops in a narrow belt extending from Missouri River to the vicinity of the 
ninety-seventh meridian. It is gray or brown sandstone, containing streaks of clay 
of greater or less size, and its aggregate thickness is about 400 feet, including a basal 
series of Lower Cretaceous sandstone. Its surface passes under the Benton shales, 
and, owing to the low westerly dip and the gradual increase in altitude of the State to 
the west, the Dakota sandstone is soon deeply buried. In the central portion of the 
State it probably lies over 2,500 feet below the surface. In its outcrop area it is 
heavily covered by drift and loess, but there are numerous exposures in the banks 
along Missouri River in Dakota County — which was the type locality of the 
formation — along Platte River from Ashland nearly to Plattsmouth, along the valley 
of Salt Creek and its branches, at Beatrice, and in the valley of Little Blue River 
in JeflFerson County. The formation carries the great artesian-water supplies, which 
are so extensively developed by wells in eastern South Dakota and on lowlands in 
Knox, Cedar, and Boyd counties, Nebraska. 
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Carboniferous formattonA. — ^The Carboniferous limestones, shales, and sand- 
stones underlie all of Nebraska, rising to the north and northwest abo't the Black 
Hills and on the slopes of the Rocky Mountains, as shown in PI. X and fig. 21, on 
page 46. The outcrops in eastern Nebraska are in Douglas, Sarpy, Cass, Lancaster, 
Otoe, Gage, Johnson, Pawnee, Nemaha, and Richardson counties. The rocks are hard 
and would give rise to more prominent features in this region if it were not for the 
heavy covering of glacial drift and loess. As it is, the exposures constitute cliflfs 
along Platte River from Ashland to Plattsmouth, and thence at intervals along 
Missouri Rivet to the southeast corner of the State, and occur in scattered outcrops 
along the valleys of Big Blue, Nemaha, and Little Nemaha rivers and Weeping 
Water, Turkey, and Southeast Salt creeks and their branches. 

The rocks of the Carboniferous period in this region comprise formations of 
Permian and Upper Coal Measure or Pennsylvanian age. The Permian outcrops are 
probably restricted to the valley of Big Blue River from Beatrice southward. The 
rocks are mainly magnesian limestones of light color with interbedded shales. They 
are extensively exposed south of Beatrice, at Rockfolrd, Blue Springs, Wymore, and 
Holmesyille. The other Carboniferous members appear to comprise the Cottonwood 
and Wabaunsee formations of the ICansas geologists. They consist of limestones, 
shales, and sandstones, which contain thin coal beds in some localities. Professor 
Prosser has made a preliminary examination of the Carboniferous of Nebraska, and 
identifies as Wabaunsee the exposures about Peru, Aspinwall, Nebraska City, 
Auburn, Tecumseh, Dunbar, Nehawka, Weeping Water, and in the long section 
along Platte River near Louisville. The Cottonwood limestone, a massive bed full 
of F'umdina^ was recognized west of Auburn about Glen Rock and Johnson, and the 
same beds extend over the higher lands of western Richardson and Pawnee counties.^ 
In the deep borings which have been made at various points in the southeastern 
corner of the State it has l>een found that the Carboniferous formations have a 
total thickness of about 1,200 feet, of which about 200 feet are Permian. In the 
deep well at Lincoln the lower limestones were found to be 835 feet thick and 
underlain by 800 feet of magnesian limestones of undetermined, but probably in 
part Devonian, age; these, in turn, by limestone apparently of the Trenton formation, 
extending from 1,813 to 1,947 feet; a supposed representative of the St. Peter 
sandstone, having a thickness of 61 feet; 113 feet of magnesian limestones, supposed 
to be the Magnesian limestone of the Mississippi Valle}': and a red sandstone, 
extending from 2,121 to 2,192 feet, thought to be Cambrian. This was found to lie 
on a red quartzite — penetrated for 270 feet — supposed to be an extension of the 
Sioux Falls quartzite of Algonkian age, .which is underlain by granite rocks 
northward. 



a Jour. Geol.. vol. 5. 1897. pp. 1-1(5. 
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There are possibly two other formations underlying portions of Ne^biuska but 
not reaching the surface. To the northwest there is doubtless an extension of the 
Juratrias red sandstones and greenish sands and clays which are exposed so con- 
spicuously about the margin of the Black Hills, only 55 miles distant from the 
northwest corner of the State. They lie between the Carboniferous limestone and 
the Dakota sandstone, as shown in the sections, PI. X and fig. 21, on page 46. They 
are absent in the eastern portion of the State, but in part are extensively developed 
in Kansas. 

The other formation which may extend into Nebraska is the Lammie sandstone^ 
which lies between the Pierre shale and the Tertiary formations in northeast Colorado, 
It would not be surprising if this formation should be found to underlie a portion 
of extreme western Nebraska, but it is known to be absent in the Republican Valley 
as far west as Dundy County, and in the region north of Pine Ridge, in Sioux and 
Dawes counties. 

GEOLOGY OF THE REGION WEST OF THE ONE HUNDRED AND THIRD 

MERIDIAN. 

GENERAL RELATIONS. 

The formations of this region comprise alluvium and dune sands and Ogalalla, 
Arikaree, Gering, Brule, and Chadron formations, lying on a thick mass of Pierre 
clay and the northeastern edge of the Lai*amie formation. The loess and drift are 
not present. The distribution of these formations, except the alluvium, is shown on 
the geologic map, PL XI. Their structural relations are shown in the series of cross 
sections, PI. XII. The older formations underlying the Pieri"e shale do not reach 
the surface nearer than the southern slopes of the Black Hills, where, as shown in 
fig. 21, they rise in regular succession. 

The relations of the formations, as shown in Pis. XI and XII, are relatively 
simple. There is a broad, thick sheet of Brule clay, underlain by a thin layer of 
Chadron formation, lying on the irregular surface of the Pierre clay, which outcrops 
in the region north of the foot of Pine Ridge. The Gering formation is a thin sheet 
of coarse sand and soft sandstone which lies on the Brule clay, mainly in channels. 
It appears to outcrop continuously along the northern front of Pine Ridge, about 
halfway up the slope; it has been recognized at one point on the north slope to the 
valley of North Platte River. It is extensively developed in wide channels in 
the ridge lying next south, but it is absent in the table-land south of Pumpkinseed 
Creek, except probably in a small outlier exposed far up the valley of I^awrence 
Fork. The Arikaree formation, consisting of fine sands with dark-gray pipy concre- 
tions, constitutes the crest of Pine Ridge and the table-land extending north of the 
Platte Valley. It also heavily caps the ridge lying between the valleys of the Platte 
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and the Pumpkinseed, but it thins rapidly to the south and east in the high table-land 
south of the Pumpkinseed Valley, and dies out east of the mouth of Lawrence Fork. 
The Ogalalla formation, consisting mainly of light-colored pebbly sands cemented by 
carbonate of lime, covers the table-land south of the Pumpkinseed Valley, lying on 
the Brule clay to the east and on a thickening wedge of the Arikaree formation to 
the west. Outlying masses cap certain high points on the ridge north of the Pump- 
kinseed Valley, and it may possibly be present on the higher portions of the table- 
land north of Platte River, together with outliers of the Equus beds. The larger 
sand-hill areas are on the table-land north of the valley of Platte River, but smaller 
areas are found in both Platte and Pumpkinseed valleys. Alluvium, which is not 
represented on the map and sections, floors portions of the valleys and merges 
upward into wash and local talus on the slopes of the hills. 

ALLUVIAL FORMATIONS. 

On the lower slopes adjacent to North Platte River and along the other streams 
of the region there has been deposited a greater or less thickness of materials brought 
by the streams from the higher lands. In the valley of Platte River there is a wide 
zone of bottom lands bordering each side of the river, on which is found a mantle 
of alluvium, several feet thick, lying on the older formations in which the river 
valley was cut. The materials consist mainly of sandy loams with oc<»sional coarse 
constituents. On the adjoining terraces above is found a mantle of sand and 
gravel, deposited when the river was much higher than it is now. The gravels' 
contain many rocks from the Rocky Mountains, comprising granites of various kinds, 
quartzites, chalcedonic vein stones, often of considerable beauty, and a small variety 
of eruptive rocks. The materials vary in size from coarse sand *o moderately large 
bowlders. The coarser deposits give rise to long narrow ridges or lines of knobs, 
while the materials of intermediate coarseness cover terraces,* which in some cases 
extend back from the river bottom for several miles. It is claimed that small 
showings of gold have been panned from these formations at several localities. In 
the valleys of Lodgepole and Pumpkinseed creeks and White River the alluvial 
materials are mainly in narrow belts of bottom lands, and consist chiefly of local 
materials. In the valley of Pumpkinseed Creek, however, there are at higher levels 
extensive deposits of coarser gravels containing rocks from the Rocky Mountains 
similar to those along Platte River. It is probable that this river at one time sent a 
bmnch stream through the wide depression now occupied by Pumpkinseed Creek 
and spread the gravel on the high terraces. At that time the ridge lying north of 
Pumpkinseed Creek was an island in the midst of a wider Platte River, but the 
valleys were not so deep as they are now. Nearly every stream flowing out of the 
high lands has brought down more or less alluvial material in the shape of sand or 
local gravel, which merges into the alluvial deposits of the larger valleys. Thei'e 
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is also on nearly all of the slopes adjoining the valleys a talus or wash of sand and 
clays from above, which often covers the underlying formations to considerable 
thickness. 

None of the alluvial formations have been shown on the geologic map, PI. XI, 
because some of their relations are too intricate for accurate representation on a 
small scale. 

SAND DUNES. 

The sand hills are a distinct geologic formation in this region, in part contempo- 
raneous with the alluvial deposits along the bottoms of river valleys. They are in 
process of formation and modification by the strong winds, and are in a measure still 
moving to the southeast. Two typical views of the sand-hill region are reproduced 
in PI. XIII. The sand now constituting the sand hills was derived mainly from 
the Arikaree formation, having been carried over the plains by the wind and 
accumulated about the obstructions. The manner in which the sand is blown away 
is well illustrated in PI. XVIII, A. The sand-dune areas in the North Platte Valley 
no doubt derived a portion of their material from the sand banks and other alluvium 
of the river which have been blown by the wind and lodged against obstructions. 
This is particularly well illustrated in the area which abuts against Chimney Roc^. 
The small areas about Caldwell and Dorrington and at other points in the 
Pumpkinseed Valley are probably of similar origin, except in a few cases where 
local sources have supplied the materials. 

OGALALLA FORMATION. 

The Ogalalla formation is the uppermost division of the Tertiary deposits of 
this region. It constitutes the high table-lands on both sides of the Lodgepole 
Valley, and caps the several small high summits about Wildcat Mountain, northwest 
of Ashford.' As beiore explained, it is in the main the extension of the "Tertiary 
grit," "Magnesia," or "Mortar beds" of the Kansas geologists. It consists of an 
impure calcareous grit, or sand cemented with carbonate of lime. At its base there 
are often beds of conglomerate, with pebbles consisting mainly of gray sandstone or 
limestone. Throughout its mass there are scattered pebbles of crystalline rocks 
from the Rocky Mountains, streaks of pebbly sand, and thin ledges of sandstone. 
The harder calcareous beds are of white or cream color, and outcrop in irregular 
cliflfs along the slopes of depressions. Some softer intercalated beds of sandy 
character are of light-pinkish color. The formation has a relatively level surface, 
which constitutes the floor of the high table- land of Kimball County and the southern 
portion of Banner and Cheyenne counties. When the rock disintegrates on the 
surface a greater or less accumulation of sand and scattered pebbles remains, often 
constituting a soil of greater or less thickness. This soil, when irrigated, usually 
proves to be ver}^ productive. The general thickness of the Ogalalla formation 
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varies from 150 to 30<) feet, the greater amount being along the Wyoming line, in the 
northwest corner of Kimball County. As the surface has been more or less 
eroded, the original thickness is unknown. The altitude of its base is 4,1(X) feet 
south of Lapeer, 5,200 feet west of Harrisburg, 4,300 feet near Bronson, 5,100 feet 
west of Bushnell, and 5,000 feet on Wildcat Mountain. The wider relations of 
the Ogalalla formation to the older Tertiary formations are shown in the cross 
sections in PI. XII. In these sections it will be seen that in Lodgepole Valley 
the Ogalalla formation lies directly on the Brule clay; along the south side of the 



ogalalla calcareous grit. 
Conifloinerate. 



Volcanic at«h 8' 



< Gray i«and with pipy concretions 



Impure volcanic a«h / 
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Jkbrupt change 
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Fig. 1.— Columnar section of formations exposed In Wildcat Mountain and vicinity, Banner County, Nebr. 

Pumpkinseed Valley it lies on the Brule clay to the east, and then on the Arikaree 
formation, which comes in and gmdually thickens to the west. An exposure of its 
basal conglomerate is shown in PI. XIV. At this exposure the Arikaree beds are 
thin, as shown in PI. XV, C. It is everywhere clearly separated below by erosional 
unconformity, and its base is usually ii shore deposit of pebbles of gray siliceous, 
and calcareous rocks. In the outliers about Wildcat Mountain the thickness is 
a}K)ut 50 feet, and the formation lies on a thick mass of Arikaree formation, from 
which the basal conglomerate is very distinctly scpamted by an unconformity. The 
relations in this vicinity are shown in tig. 1. 



U. 6. GEOLOGICAL SURVEY 



PROFESSIONAL PAPER NO. 17 PL. XIV 




CONGLOMERATE AT BASE OF OGALALLA FORMATION 5 MILES SOUTH-SOUTHEAST 
OF REDINGTON. CHEYENNE COUNTY. NEBR. 

The conglomerate lies on Arikaree formation. 




CONGLOMERATE IN ARIKAREE FORMATION 3 MILES DUE SOUTH OF LARISSA. SCOTTS 
BLUFF COUNTY, NEBR.; LOOKING NORTHWEST. 
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Some typical sections illustrating the relations of the formations are given in 
PI. XV. There may possibly be a small area of Ogalalla formation to the east on 
portions of the table-land north of North Platte River, but it was not distinguished. 
A few vertebrate remains were collected in this formation, and it was found to 
contain the smaller Ddernondix forms in considerable abundance in some localities. 

ARI&AREE FORMATION. 

The Arikaree formation attains its greatest development in Pine Ridge, where 
it presents a thickness of about 500 feet. It constitutes a wide area of table-land 
extending from Pine Ridge to the northern margin of the valley of North Platte 
River. It occupies the ridge lying between the valleys of North Platte River and 
Pumpkinseed Creek, and to the southwest it is exposed in the slopes of the table- 



's Gray sand with pipyo&'i- 
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D&rk-icray sand, few t'of j 
CT«tions . ^ 



(No break.) 
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Fio. 2.— Section 6 miles west of Goring, Nebr., showing relations of Arikaree and Brule formations. 

lands next south. The formiation consists mainly of fine sand containing characteristic 
layers of hard, fine-grained, dark-gray concretions, often consisting of aggregations 
of long, irregular, cylindrical masses. These, for convenience, have been called 
'*pipy concretions." They vary in thickness from a few inches to several feet, but 
from 10 to 15 inches is a fair average. Their trend is east-northeast and west- 
northwest with surprising regularity. The layers are often many square j^ards in 
area. A typical exposure of the concretions is shown in PI. XVIII, B, The sands 
vary from loose to fairly compact, and some are argillaceous. The colors are 
uniformly light gray. Owing to the presence of the hard concretions, the formation 
generally gives rise to ridges of considerable prominence. The steep escai*pment of 
Pine Ridge consists almost entirely of Arikaree cliffs, of which typical views are 
given in Pis. VIII, XVII, and XXI. The relations of the Arikaree formation to 
associated deposits are particularly well exposed in the slopes adjoining the Platte 
and Pumpkinseed valleys. The formation lies on the Gering beds at many points, 
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but in some areas appears to rest immediately on the surface of the Brule clay. 
There is often no evidence of unconformity in either case. Usually there is an 
abrupt change in the chaiucter of the materials as the coarae beds of the Gering 
formation give place to fine massive Arikaree sands containing the pipy concretions. 
In some cases this concretionary development appears to have extended down into 
the Gering sediments, especially locally where these sediments are fine sands. This 
relation is illustrated in fig. 2^ and possibly also in fig. 14, on page 35. 

There is a possibility that the upper member of the Gering formation is a basal 
portion of the Arikaree formation, as suggested at some localities, which would 
often add difficulty to the identification of the Gering formation where it consisted 
of only one member. Along the north side of the Platte Valley, the south side of 
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Fio. 3.— Section of Arikaree and Brule formations on the north side of the valley of North Platte River. 



the Pumpkinseed Valley, and in portions of the ridge between these two valle3's the 
Arikaree formation appears to lie directly on the Brule cla3\ In these instances 
there is often either only a faint suggestion of unconformity between the two 
formations when the exposures are carefully examined or simply a very rapid 
change from sandy, pinkish Brule clay, with some small siliceous concretions, to 
fine gray sands with the typical character and pipy concretions of the Arikaree 
formation. Fig. 8 shows the usual relations presented in the exposures along the 
noi-th side of the Platte Valley. 

In PI. XVII, 5, is shown an exposure in which there is marked unconformity 
between Arikaree and Brule deposits, and other exhibitions of similar relations are 
shown in sections A and C of PL XV, sections C and D of PI. XXVII, and Pis. 
XXVI and XXVIIl. The relations of the Arikaree formation to the Ogalalla 
formation are described on page 24. The two formations are sharply separated by 
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an abrupt change in character of materials, and the basal Ogalalla beds are mainly 
conglomeratic. The thinning out of the Arikaree deposits to the southeast is 
cleariy illustrated in many exposures south of Redington. All along the northern 
edge of the table-land in Banner County the formation has less thickness than it 
presents in the ridge north, where, in the vicinit}^ of Wildcat Mountain, it is 
nearly 500 feet thick. Southwest of Harrisburg the amount is about 150 feet; south 
of Freeport it is 100 feet, as shown in PI. XV, A] in Hackberr^^ Can3^on it is 40 feet; 
and at Langs Point Arikaree beds are absent, the Ogalalla conglomei-ate here lying 
directly on the Brule clay, as shown in section B of PI. XV. Southeast of Langs 
Point there are a few thin outlying lenses of Arikaree beds, one of which is shown 
in section C of PI. XV, but thence to the east it thins out and the typical relations 
presented are those shown in section D of PI. XV. In the upper portion of the 
valley of Lawrence Fork there is an outlying area of the formation, only a few feet 
thick, between supposed Gering and Ogalalla formations, as shown in fig. 8 (p. 31). 
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Fig. I.— Section 3 miles northwest of Dorringtcn, Nebr.. showing the relations of conglomerate in Arikaree formation. 

Dce/no7ieIr.r in various forms occurs extensively in this formation, and in Pine 
Kidge, in Sioux County, the large forms of the '* Devil's corkscrew" are found 
in very great abundance in the upper beds of the formation. Prof. E. H. Barbour 
has descril)ed these forms in detail and given an account of their mode of occur- 
rence.'' The larger forms are most abundant in the upper portions of the depressions 
north of Harrison, but they were observed also as far east as Andrews, for some 
distance in the valley of Niobmra River above Royville, and as far west as Lusk, in 
Wyoming. The smaller forms are very generalh^ present throughout the region, 
and they also occur in the Ogalalla formation. In PI. XIX is shown an exposure 
of typical Dseraonelix beds containing the large corkscrew forms. It is believed 
that no one observing these fossils in the field would have anv doubt as to their 
vegetal nature. 



a Bull. Geol. S<K'. America, vol. 8. 1897, pp. ;»5-314. 
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In a portion of its area the Arikaree formation has been observed to contain a 
series of old channels filled with coarse conglomerate. The occurrence of this 
conglomerate is apparently restricted to the ridge lying next south of North Platte 
River and to the vicinity of Spoon Butte, near the head of Sheep Creek, in Sioux 
County. The horizon is somewhat above the base of the formation, and the 
conglomerate is distinct from some local beds of coarse deposits occasionally noticed 
at or near the base of the formation. 



Con^lomermte. 
Arikaree Hand. 



ConKlotnerate. 
nArikanw rormatloa. 



Arikaree funnatlou. 



Qerlng formation 

Unconformity. 
Bnil« pink clay 




ConglomerntA. 



MOWIVOMTaL acAU 

Fio. R. — Sections 8 nille««outh-southeast of Gering, Nebr., showing relations of conglomerate in Arikaree formatioas. 

Some of the relations of these conglomerate-filled channels are shown in section 
i^'of PI. XXVIII, and in Pis. VI, XIV, and XVI, and fig. 5. Beginning at the east, 
the first outcrops observed were in Smokestack Rock, in Banner County. They 
were next seen at intervals westward along the south line of Scotts Bluff County, in 
buttes and high points, as far west as the meridian of Gering, and detached areas are 




Fig. 6. — Cross section from the eastern end of Spoon Butte southward to Sturdlvant ranch, looking east. 

/ 

exposed on the north side of the ridge southwest of Gering. The last outcrop occurs 
at a point 3 miles north -northwest of Dorrington, near the western end of the 
ridge, where it has the relations shown in fig. 4. 

It is probable that the channel is continuous under the ridge between these 
points. Some features of the more prominent exposures are shown in Pis. XFV 
and XVI. The material is a conglomerate of pebbles and bowlders of gray sand- 
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stone, generally firmly cemented by siliceous matrix. The greatest thickness 
observed was 30 feet, in the high point 3 miles south of Larissa. Smokestack 
Rock exposes about 26 feet. At manj' localities it may be seen that the beds lie on 
typical Arikaree deposits, as shown in PI. XIV, B^ and they are overlain by typical 
beds of the same formation. This relation is shown in fig. 5 (p. 28) and fig. 12 (p. 34). 

In the Spoon Butte and adjoining ridges the conglomei'ates are of somewhat 
different character, consisting in large part of crystalline rocks and apparently h'^ing 
on a steeply sloping surface. The relations are shown in fig. 6. 

In this vicinity it was not practicable to ascertain the relations to overlying beds. 

The Arikaree deposits contain a large amount of volcanic ash, mainh^ as a con- 
stituent intermixed with the sand, but there are also several distinct beds of ash at 
one or two horizons, though only of local occurrence. The relations of these beds 
are indicated in section A of PI. XXVIII and figs. 1, 7, 10, 12, and 18, and some 
further information regarding them will be found on page 42. 

MoUuscan fresh -water fossils of several species have been found in this forma- 
tion, but they are not sufficiently distinctive to indicate its age precisely. One 
abundantly fossiliferous locality was discovered south of Gering, where the matrix 
was a thin bed of diatomaceous earth. Vertebrate remains were collected in small 
numbers. 

, GERING FORMATION. 

Underlying the Arikaree formation, in a portion of the area, there is a series of 
coarse sands, often containing pebbles, which appears to be an entirely distinct 
formation. It is not separated by unconformity, but it has distinctive characters over 
an area of considerable extent. In its typical exposures it is separated from the 
Brule clays by a clearly marked unconformity, some of the features of which are 
shown in PI. XXV. Its thickness varies from a thin wedge to over 200 feet. Its 
relations are extensively exhibited in the ridge Ij'ing next south of North Platte 
River, and it is thick and apparently continuous along the northern face of Pine 
Ridge. The southernmost exposures are some doubtful ones on Lawrence Fork, near 
its head. In Pis. XXVI, XXVII, and XXVIII, and figs. 7 to 17, the stratigraphic 
relations of this formation are illustrated. Its greatest development in the Platte 
Valley is south-southwest of Gering, where 200 feet are exposed, and about Chimney 
Rock, where a thickness of about 145 feet is attained. It is over 100 feet thick in 
Courthouse Rock and in the vicinity of Birdcage Gap and Redington Gap. To the 
west and south it thins out, and at some points along both sides of the ridge it is 
apparently absent, or possibly where it appears to be absent it is represented either 
by clayey members which are not distinguishable from the Binile clay or by fine 
sand with concretions resembling Ogalalla beds. Its absence is almost ceitain in the 
ridge about Wildcat Mountain. In Scotts Bluff the relations of the formation are 



30 



GEOLOGY AND HYDROGRAPHY OF WESTERN NEBRASKA. 



very distinct and 60 feet are exposed. On the slopes north of Platte River the 
formation appears to be absent except in a small area near the southwest cx)rner of 
Sioux County, where the features shown in fig. 7 indicate that the formation is 
probably present locally. 

Along the north face of Pine Jlidge the formation presents the features shown 
in figs. 19 and 20 (pp. 39 and 40) and PI. XX. 

Some further facts and inferences as to its relations are shown in cross sections 
in PI. XU. No definite evidence of the continuance of the formation could be found 
in the slopes south of Pumpkinseed Creek except in the valley of Lawrence Fork, in 
sec. 4, T. 16, R. 54, where there is an exhibition of the features shown in fig. 8. 

In the Lodgepole Valley the Arikaree formation appears to lie directly on the 
Brule clay, lK)th the Gering and Ogalalla formations being absent. 
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Fig. 7.— Section of bluff in «<oiithwest corner of Sioux County, showing relations of supposed Gering formation. 

The Gering formation presents many local features of stratigraphy, particularly 
in the ridge between the valleys of Platte River and Pumpkinseed Creek. Begin- 
ning at Jail Rock, there are instructive exposures at frequent intervals to the 
western end of the ridge. At Courthouse Rock there are presented the relations 
shown in section A of PI. XXVI. At an altitude of 3,940 feet the distinctive Brule 
clay is unconformabh^ overlain by the Gering formation, apparently comprising two 
members, separated by marked unconformity hy erosion. In both members there 
are coarse beds below containing local conglomerate, merging upward into sand, and 
finally into sandy clay. The total thickness is 110 fee't. The characteristic Arikaree 
formation capping Courthouse Rock begins abruptly, but with no sign of uncon- 
formity. eTail Rock, as shown in PI. V, is capped by the Gering formation. The 
two members of this formation present about the same relations at Birdcage Gap as 
shown in section i? of PI. XXVI, but they have somewhat greater thickness. In 
the pinkish sandy claj% at an altitude of 4,080 feet, there was found a portion of the 
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CLIFFS OF ARIKAREE FORMATION. NORTH FACE OF PINE RIDGE, NEAR MONROE 
CANYON. SIOUX COUNTY, NEBR. 



^From photograph by E. H. Barbour, University of Nebraska.) 
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skeleton of a new species of Dinictis,*^ A view of the relations in Birdcage Gap is 
given in PI. XXII. 

At Redington Grap the upper member of the Gering formation is not distin- 
guishable, and the total thickness is less. A local bed of volcanic ash 5 feet thick 
appears to mark the top of the formation. The principal features are shown in 
section C of PI. XXVI. Three miles northwest of Redington Gap there was found 
the section shown in PI. XXVI, D, The Gering formation here presents the usual 
basal beds of coarse material lying unconformably on the Brule clay. The change 
to the Arikaree formation above is abrupt, but not marked by unconformity. 





VERTICAL SCALE 



Fio. 8.— Details of imconformity between Brule clay and supposed Gering deposits in valley of Lawrence Fork, sec. 4, 

T. 16, R. 54. 

Approaching Chimney Rock there are presented the features shown in sections 
^and F oi PI. XXVI. The thickness of the Gering formation here averages about 
125 feet, and there is much local variation in the stratigraphy. Coarse basal beds 
are often exposed lying unconformably on the Brule clay. A thin local bed of 
volcanic ash is conspicuous in some exposures. Chimney Rock consists of a spire 
of Gering formation rising from a conical hill of Brule clay. The material is a 
gray, thin-bedded, soft sandstone with slightly coarser materials at its base. The 



"Recently described by F. A. Lucas as Dinictis major: Am. Jour. Sci., 4th series, vol. 6, 1898, pp. 399-400. 
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unconformable contact with the Brule clay is at an altitude of 4,100 feet, and there 
is here considerable carbonaceous material, strongly suggestive of an old soil. At 
an altitude of 4,135 feet there is a faint unconformity, just above which there are 
two thin beds containing volcanic ash. Two views of Chimney Rock are given in PI. 
XXIV, and the relations of the formations are shown in section A of PI. XXVII. 




Fig. 9.— CroM section o£ ridge 10 milea south of Gering, Nebr., looking west. 

Southwest of Chimney Rock the Gering formation greatl}' decreases in thick- 
ness, but it continues to present its characteristic features, as shown in sections B 
and C of PI. XXVII. The two members are well characterized as far as the east 



.. ^^^4G 



Gray Mind with pipy concretions 



Pinko Jay 




Unconformity 

I'ale buff ar?illao«ous »and, 

Unconformity 

yure vulcanic ash 2* 



Pink clay 



Volcanic a»h 6' 



Fig. 10.— Section 7 miles due south ot Gering. Nebr. 



side of Sheep Mountain. Along the south side of this butte the basal member of 
the Gering formation is, in places, not clearly separable. 

At the curiously sculptured Twin Sisters, which are of Gering formation, the 
unconformity is finely exhibited, as shown in PI. VII, A. The materials consist of 
coarse sands and soft sandstone, merging upward into a 6-foot bed of pinkish sandy 
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ARIKAREE FORMATION, GERING FORMATION. AND BRULE CLAY. IN BIRDCAGE GAP. 
CHEYENNE COUNTY. NEBR. 



Looking northeast through the gap. 
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clay, above which there is a moderately sharp break, followed by an upper member 
of gray sand which constitutes the heads and shoulders of the ^'Sisters." Some of 
the relations in this vicinity are shown in section B of PL XXIII, which also shows 
the apparent thinning out of the formation a short distance northward. 

The Gering formation appears to be absent at the Smokestack and in Round 
Top, Coyote Hill, and Castle Rock. In Castle Rock, as shown in section D of PL 
XX Vn, the Brule clays become sandy in their upper portion, but present no sug- 
gestion of stratigraphic break until the base of the well-chai'acterized Arikaree 
deposits is reached, at an altitude of 4,340 feet, where there is an unconformity 
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Fio. 11.— Section of Oering and aasociated formations 6 miles south-southwest of Qering, Nebr. 

marked by a bed of white clay a foot thick on a carbonaceous surface stronglj" 
suggestive of old soil. This soil and the relations of the formation indicate that there 
was here a land surface while the Gering formation was being deposited to the south. 
The Gering formation extends continuously for several miles west from the Twin 
Sisters. At a point 4 miles west-northwest it has the relations shown in section F 
of PL XXVIII, consisting of two memliers with an aggregate thickness of 120 feet. 
It contains the usual coarse beds at the base of each member, and in the base of the 
lower member there is a 2i-foot bed of pure volcanic ash. In the next bluff, li 
miles northwest, there are exposed the features shown in section C'of PL XX VIII. 
14478— No. 17—03 3 
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In the next H miles the formation thins rapidly, as shown in section B of PL 
XXVIII, and it appears to thin out locally to the south and at intervals to the west 
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Fig. 12.— Section of Oerlng and associated formationfl 7 miles soath-wuthwest of Oerin^, Nebr. 

In the high butte 2^ miles west-southwest of Larissa, as shown in section A of 
PL XXVIII, the Gering formation is probably represented by a thin wedge of 
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Fig. 13.— Section of Gering and a.«isociatcd formations In Cedar Canyon, 8 miles ^oatbwest of Gering, Nebr. 

laminated sandstone, which is exposed on the south slope, but is absent to the north. 
In the buttes south of Gering the formation occurs in irregular masses, and for some 
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CHIMNEY ROCK, CHEYENNE COUNTY, NEBR. 



A From the west, showing volcanic-ash bed ; J{, from the east, Goring sandstone on Bru'e clay (the hon.e is on 

a bed ot volcanic ash ). 
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, With corglomeratic beds, 4 miles northwest of Redington (the manS harid is at th«» contact); J{, 2 miles 
southwest of Chimney Rock. 
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distance is not over 50 feet in thickness. Its relations in this vicinity are shown in 
fig. 9, at B and C. At B in this section the Gering beds consist of sand and sandy 
clay, with streaks of conglomerate at their base. There is a very abrupt change 
to Arikaree beds at their summit. The. details of stratigraphy at B are shown in 
fig. 10. 

At this exposure there is a bed of volcanic ash in the base of the Gering 
formation, with alternations of sands and sandy clays above to a sharp unconformity 
at 4,390 feet. Above this unconformity are sands, p>ebbly at base, which appear to 
merge up into the Arikaree beds. They may, however, constitute the upper 
member of the Gering formation. 

In the very prominent point in the northwest corner of T. 20, R. 55, 6 miles 
south-southwest of Gering, the formation attains its maximum development for this 
district, having a thickness of 200 feet and the composition shown in fig. 11. 
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Fig. 14.— Section of Gering and assrK'iated formations at the mouth of Cedar Canyon, 7 miles southwest of Gering. Nebr. 

A mile south of this exposure the Gering beds have the character and relations 
shown in fig. 12, which illustrates the thinning to the south. 

The unconformity at 4,480 feet may be either in the Gering formation, sepa- 
rating it into two members, or at the base of the Arikaree formation, here including 
coarse beds and a thin layer of nearly pure volcanic ash. West of this vicinity 
the formation again thins rapidly, and on the north side of the upper part of Cedar 
Canyon it has the relations shown in fig. 13. 

One mile northeast of this exposure, in the high point at the mouth of Cedar 
Canyon, the formation isonlv doubtfullv recognized, with the relations shown in fig. 
14. In other places to the west and north for some distance the formation is either 
absent or very thin and not well characterized. 

In the Scotts Bluff ridge west of Gering the Gering formation has a thickness 
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of 60 feet. It is finely exposed in the butte of which Scotts Bluff is the north face, 
where its relations are as shown in fi^. 18. Some of its features may also be seen 
in PI. XXIX. Dome Rock exhibits 50 feet of the Gerinjf formation, capped by a 
small mass of Arlkaree formation. In the vicinity of Signal Butte the Gering 
formation appears to be represented by 60 feet of laminated dark-gray sands or 
soft sandstone lying unconformablj- on the Brule clay, the unconformity being 

strgngly marked. At the top of the butte 
there is a cap of thin, hard, white calcareous 
deposit, which extends widely in the vicinity. 
The relations are shown in fig. 15. 

The Gering formation is developed in places 
north of Dorrington with the relations shown 
in fig. 16. The thickness, is 50 feet, and the 
coarse basal beds lying uncomformably on the Brule clay are finely exposed at several 
points. The formation also here contains a thin bed of volcanic ash near the top. 

Along the south side of the ridge from Dorrington to Ashford the formation is 
either absent or not characteristic. Near Funnel Rock the Arikaree beds lie uncom- 
formably on the Brule clay, as shown in fig. 17. In the region north-northeast of 
Ashford the Gering formation is very distinct again for a few miles, especially 
high up in the canyons which are cut into the ridge. In two of these canyons the 
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Fig. 15 — Sec-tlon at Signal Butte, St'oits Bluff 
County, Nebr. 



dray MtndM with plp7 concretions. . 



Abrupt change 

Sanda with conglomerate leniiea 



Conglomerate . . . 
Stratified sanda 

Lnconformity 



Pink clay. 



\ ulcanlc nnh V 




AAAd 



Fig 16.— Seotion of (iering and ansociated fonnations 2 miles northeast of Dorrington, Nebr. 

outcrop is marked by large springs. The relations in this vicinity are represented 
at D, E, and F in fig. 9 (p. 32). At D, high up a canyon, there is a fine exposure 
of 50 feet of coarse Gering beds lying unconformably on Brule clay and fairly 
sharply separated from Arikaree beds. At E, farther down the canyon, similar 
relations are exhibited. At F, on the point at the mouth of the canyon, there 
is no trace of the coarse beds; the fine sand, similar to that of the Arikaree deposits, 
but with smaller and more widely scattered concretions, lying directly on the Brule 
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clay, with faint unconformity apparent. Farther east, at Castle Rock, in Banner 
County, and in the prominent point li miles west of this rock, the identity of the 
formation is not satisfactorily established. The relations at these localities are shown 
in sections D H.nd Eoi PI. XXVIII. In the bluflfs on the south side of the ridge, 
northeast of Redington, the Gering formation is again recognized. Its unconformity 
to the Brule clay is often finely exposed in this vicinity, as shown in PI. XXV, B, 

BRULE CLAY. 

This thick mass of sediment which underlies the greater part of the region 
consists mainly of massive clay or a mixture of fine sand and clay, of pale flesh color, 
containing numerous fossil beds characteristic of the Oreodon series of the White 
River group. It is widely exposed in the valleys of North Platte River and 
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Yui. 17.— Section in vicinity of Funnel Rock, 1 mile north of Afihford, Nebr. 

Pumpkinseed Creek, extends along the lower portion of the northern slope of Pine 
Ridge, and is bared in the narrow depression of Lodgepole Creek and Sidney Draw. 
In the valley of the North Platte it is often widely overlain by aliuvial deposits, and 
this also is the case to a less degree in the smaller valleys. Along the foot of Pine 
Ridge the formation is largely covered by wash and talus, and by a small amount of 
alluvium along White River and its tributaries. The formation underlies all the 
high table-lands, where, as shown in the sections of PI. XII, it is thickly covered 
by the later Tertiary deposits. North of Pine Ridge it has been deeply eroded, and 
beyond a narrow zone of outcrops of the underlying Chadron beds the Pierre clay 
succeeds as the surface formation. There are extensive exposures of the Brule clay 
in the northern face of Scotts Bluff, where, from the base of the overlying Gering 
beds to the river, there is a vertical interval of 500 feet of continuous outcrop, and 
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the fomiatioD ha- a small additional thirknf^s l>elow the level of the river. (See 
PLh. XXX and XXXL) Along the northern front of Pine Ridge the formation 
average?* ^»'i feet in thicknes-*. \hxI beginning near Crawford it gradually thin^ to 
the ea.-t to about ZTj*) feet in the vi<rinity of Chadron. In Bound Top. ju>t we>t of 
Adelia. there are •i^o feet of Brule \>ed^. 
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In the region southeast of Gering the Hrule formation contains a ))ed of coai-se 
material which appears to extend sevei'al miles. It consists of coarse, cross-l>edded sand 
and conglomerate lying about 120 feet below the top of the formation. The thickness 
varies from 10 to SU feet, the thickest portion appearing in canyons and buttes 5 to 6 
miles south of Gering. The relations in this vicinity are illustrated in fig. 9. (p. 32), 
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NORTH FACE OF SCOTTS BLUFF. 

Brule clay overlain by Gering and Ankaree formations 
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and one of the finest exposures is shown in PI. XXXII, B, There are other 
exposures north of Larissa and northeast of Chimney and Castle rocks, as shown in 
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Fig. 19.— Section from Round Top to Adelia station, Sioux County. Nebr. 

sections A and D of PI. XXVII. In the area near Larissa and south of Gering 
there is near its base a thin bed of very compact limestone, which again outcrops 
north of Sunflower. 
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In the badlands about Adelia station on the Burlington and Missouri River 
Railroad there are extensive exposures of the Brule and associated formations. (See 
Pis. XXXm and XXXIV and fig. 19.) 

This section closely resembles the typical section in the Big Bad Lands in South 
Dakota, but appears to include some higher beds. The alternate greenish and 
pinkish clays with brown nodular layers lying on the Chadron sands are similar to the 
Oreodon series and yield many of the same mammalian remains. The sandstone next 
above probably represents the Metamynodon series, and in it was found a fragment 
of a tooth, probably of Metamynodon, The overlying clays can be less definitely 
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Fig. 20.— Section at Chadion, Nebr. 



correlated, especially those toward the top, which I believe are higher than the 
highest beds represented in the Big Bad Lands. They contain two beds of volcanic 
ash, the upper one 12 feet thick, of nearly pure material, in flat, glassy scales, not so 
vesicular as usual. Along the eastern extension of Pine Ridge the intermediate beds, 
those extending from 4,0()0 to 3,725 feet in the Round Top section, soon thin out, and 
the Chadron formation is overlain by the flesh-colored clay, with its volcanic ash 
layer near the top. A section at Chadron is given in fig. 20. 

CHADRON FORMATION. 

This basal formation of the Tertiary series outcrops in a narrow zone along the 
lower slopes north of Pine Ridge, just outside the margin of the overlying Brule 
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clays. There is also a small area of outcrop in the valley of North Platte River in 
the vicinity of Caldwell and Mitchell. The deposits have heretofore been known as 
the " Titanotherium beds," from the frequent occurrence of remains of several 
species of a large mammal which has been named Titanotherium. As the large 
bones and peculiar teeth of this animal are very distinctive features, an illustration 
of a skeleton is reproduced in PI. XXXV. The predominant material of the for- 
mation is sandy clay of light greenish-gray color, usually with coarser beds at the 
bottom, including deposits of gravels often several feet thick. The beds above these 
gravels are often of bright dark-red color, notably in the region about Adelia. The 
thickness of the formation varies from 30 to 60 feet in the outcrops along the foot 
of Pine Ridge. It thickens considerably in the vicinity of Adelia, where there are 
included some masses of dark-gray and buflf sandstone of coarse texture. At many 
points around its outer margin the Chadron sands may be seen lying on the irreg- 
ular, black, or generally rusty surface of the Pierre shale. 

LARAMIE FORMATION. 

The Laramie formation is e^^posed in an area of considerable extent in Goshen 
Hole, which extends for a short distance eastward into Nebraska on the north side 
of Horse Creek west of Caldwell and on a branch of that creek 5 miles southwest of 
Caldwell. The rock is a soft greenish-buflf to brownish sandstone. Its surface is 
irregular; to the north it is overlain by Chadron beds and to the south it rises into 
the base of the Brule clays. Doubtless it extends for some distance east, but its 
eastern margin was not asceitained. 

PIERRE CLAY. 

The entire region to which this report relates is underlain by the Pierre clay, a 
thick mass of dark-colored clays or shales constituting the upper member of the 
Cretaceous formations in some portions of the Plains. Possibly under the south- 
west comer of Nebraska the Tertiary formations are underlain by the edge of 
the Laramie formation — a series of sandstones higher in the Cretaceous — but of this 
there is at present no evidence. The Pierre shale outcrops in the northern portion 
of Sioux and Dawes counties, as shown in PI. XI. The surface of the formation 
rises somewhat with the general upward slope of its beds toward the Black Hills 
uplift, and it is exposed b}' the erosion which has removed the Tertiary formations 
over the lowlands extending from the valle^^s of White River and Hat Creek to the 
foot of the Black Hills. The dark shale gives rise to a rolling region of scant vege- 
tation and poor water supply. Exposures are frequent, and the dark-yellow or 
rusty surfaces due to the oxidation of the iron pyrites in* the shale are characteristic 
features of the area. 

Distinctive fossils of numerous marine mulluscan species are abundant in the 
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Pierre clay. The fossils are often preserved in concretions of gray siliceous matter 
of lenticular form, which abound in the upper portion of the formation. The pre- 
cise thickness of the Pierre shales is not known, but it probably exceeds 1,200 feet. 

NIOBRARA LIMESTONE. 

The Pierre shale is underlain by the Niobrara limestone, but this formation does 
not reach the surface in the portion of Nebraska west of the one hundred and third 
meridian. As, however, it would be reached by deep borings for artesian water, 
some of its characteristics should be pointed out. Its thickness is about 50 feet. It 
consists mainly of massive dark-gray chalk or soft limestone, which weathers to a 
buflF or light-cream color when exposed to the atmosphere. The formation can be 
readily recognized by the very distinctive fossil Ostrea congesta^ which is nearly 
always present in abundance in thin, hard layers. In order to aid the well driller in 
identifying this formation in borings, an illustration of this fossil is introduced in 
PI. XXXVI. 

BENTON FORMATION. 

Underlying the Niobrara limestone and abruptly separated from it are the Benton 
shales, which have a thickness of 1,500 feet. They contain thin layers of sandstone 
and limestone; one of the latter, about 900 feet above the Dakota sandstone, is filled 
with the Inoceramus shown in PI. XXXVI. The formation lies far below the surface 
along the South Dakota line, but outcrops extensively in the vicinity of Edgemont, 
having the relations shown in fig. 21. 

DAKOTA SANDSTONE. 

This is the water-bearing sandstone of South Dakota and northeastern Nebraska, 
and it underlies all the region to which this report relates. It is a gray or brownish 
sand rock, occurring in thick beds, with intercalated lenses of shale or clay and 
occasionally thin seams of coal. Its relations in the northern part of the area are 
shown in fig. 21 and PI. X. Its lower beds are of Lower Cretaceous age. 

VOLCANIC ASH. 

In studying the geology of this region it was found that several formations 
contained extensive deposits of volcanic ash. Some of this material was found in the 
Chadron formation; two very widespread beds occur in the Brule clay; lenses of the 
ash are often included in the Gering formation; and there is a general admixture of 
ash as well as a number of thick beds of it in the Arikaree formation. So far as 
observed it is rare in the Ogalalla formation. In the centi'al and eastern portion of 
the State it occurs mainly in the lower portion of the loess. 

The ash deposits are usually more or less mixed with clay or sand, but there are 
many beds in which the deposits are thick and pure. They promise to have consid- 
erable commercial value, mainly for polishing powder. 
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The most persistent layer is in the Brule clay, at an average distance of about 
70 feet below its top, in the ridge next south of North Platte River. This bed is 
shown in PI. XXIV and PI. XXXII, A. A lower bed, usually much less pure, 
occurs from 80 to 100 feet below the upper one. On the north side of Pine Ridge 
these two horizons are recognized in some of the higher beds in Sowbelly Canyon 
and at Round Top and near Chadron, as shown in figs. 19 and 20. The volcanic 
ash occurring in the Gering formation is usually' restricted in extent and variable 
in relations. It is, however, often exceptionally pure. 

The Arikaree formation contains a sprinkling of ash almost throughout its 
extent. In some of the bluffs southwest of Gering a thickness of 100 feet of sandy 
clays of this formation was observed, which contains a fairly large proportion of 
ash. In the high isolated butte 3 miles west by south from Larissa there is a 15-foot 
bed of nearly pure ash, with pipy concretions scattered through it, in the midst of 
the Arikaree formation. In Wildcat Mountain beds of ash were found at intervals 
nearly to the cap of Ogalalla formation. The formation contains a large admixture 
of ash in the vicinity of Fort Robinson and again at Round Top, near Adelia, as 
shown in fig. 19 (p. 39). 

The ash in these formations was probably derived from volcanoes in the Rocky 
Mountain region, for there is no evidence of Tertiarj" volcanoes in the vicinity. 
The ash was undoubtedly borne on the winds and deposited in the waters which 
laid down the several Tertiary formations. When the ash came in large volume, or 
there was very little other sediment, pure deposits resulted; but ordinarily there was 
considerable admixture of the fine sand and clay. 

UNDERGROUND WATERS. 

GENERAL CONDITIONS. 

The relations of underground waters in this region present a variety of features. 
In many localities there are large supplies at moderate depths, and in other places 
the amount of waters in reach of the average farmer is so small as seriously to 
interfere with the settlement of areas of considerable extent. This has been 
particularly the case where large volumes of water were needed for cattle. The 
greatest difficulty in obtaining water has been in the area of the Brule clay back 
from the rivers and in the region underlain by Pierre clay. In the flats adjoining 
the river in Platte Valley and in Lodgepole Valley water supplies are usually 
obtained in wells from 10 to 40 feet in depth. On the table-lands on both sides of 
Lodgepole Valley waters are obtainable in large volume from wells from 150 to 
300 feet deep, the depth increasing gradually westward. In Niobrara Valley supplies 
of water are obtained from shallow wells in the narrow strip of alluvial deposits 
near the river, and farther back on the table-land plenty of water is found at 
depths varying from 60 and 100 feet on the lower slopes to 300 feet in some of the 
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highest areas to the northwest. In the sand hills water accumulates in basins at 
modemte distances below the surface, so that shallow wells ordinarily obtain 
satisfactory supplies. 

Along the outer edge of the Brule clay area north of Pine Ridge water is usually 
found in the underlying Chadron sands. In PI. XXXVII are shown the depths to 
water supplies in the western Nebraska region, based on observations of the water 
level in wells and springs and determinations of the geologic relations of the water- 
bearing formations. 

WATEB HOBIZONS. 

In the alluvial fonnations along Platte, Niobrara, and White rivers and Lodge- 
pole, Pumpkinseed, Snake, and Hat creeks, and some of their branches, the water 
supply constitutes an underflow. Along the Platte this underflow is of large volume, 
but in some areas the water is . somewhat alkaline. In the Pumpkinseed Valley at 
some localities, and in the greater portion of the White River and Hat Creek valleys, 
where they traverse the Pierre shales, these water supplies are often unsatisfactory 
both in quantity and in quality. 

The next horizon is at the base of the Ogalalla formation, which supplies water 
for many^ wells on the table-lands on both sides of the Lodgepole Valley at depths 
varying from 100 to 300 feet. The volume of water appears to be large at nearly all 
localities. At some places the waters are obtained high up in the formation, but the 
principal supplies are in the basal beds. At many points along the northern margin 
of the table-land these waters flow out into the canyons as springs of greater or less 
force, of which the most noteworthy are those on Greenwootl, Middle, Hack- 
berry, and Bighorn creeks, in Lawrence Fork Canyon, and at Gabe, Long, and 
Duggers springs. 

The Arikaree formation is a general reservoir for water, which is nearly every- 
where available in the table-lands lying between the valley of North Platte River and 
fhe crest of Pine Ridge. In some areas it is necessarj' to sink wells to the base of 
the formation, where the materials are somewhat coarser than those higher up, but 
ordinarily the higher beds yield satisfactory supplies. These waters flow out at the 
surface in springs of greater or less magnitude in many canyons along the front of 
Pine Ridge; at a few widely scattered points in the Niobrara Valley, notably at 
Coyote Spring and at Royville; in the Snake Creek Valley, at Point of Rock Spring 
and Mud Spring; and along the north slope of the Platte Valley, at the spring near 
the head of Sheep Creek and the springs near the heads of Red Willow and Indian 
creeks. 

The Gering formation contains water throughout its area, but it does not appear 
to be reached by many wells. Numerous springs on the ridge south of North Platte 
River flow from this formation at the surface of the Brule clay. Along the front of 
Pine Ridge there are a number of springs which flow out of these beds, and possibly 
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some of the deeper wells on the summit of Pine Ridge obtain their water from this 
horizon, but ordinarily ample supply is reached at a less depth in the overlying 
Arikaree formation. 

The Brule clay inmiediately underlies a wide area of the high slopes of the North 
Platte and Pumpkinseed valleys and yields water supplies to many wells. It is 
known as " hardpan " to the well drillers. In most cases, however, the volume of the 
water is small, and its quality is often unsatisfactory. Numerous abandoned houses 
in these valleys usually indicate that prospective settlers have been unable to obtain 
water supplies at moderate depths from the Brule clay. Where water occurs it is in 
crevices and fissures, which traverse the clay at moderately frequent intervals, but 
the volume of water depends on many factors, and there is seldom a good chance to 
obtain a large supply. In the area north of Pine Ridge the wells usually penetmte 
through the Brule clay into the underlying Chadron sands, which almost invariably 
contain fairly large volumes of water. It is a source of supply to a, number of 
farmers and ranches. The water is not always of satisfactoiy quality, and in the 
wells at Adelia and Crawford it has been found unsuitable for locomotives. This 
formation underlies the Brule clays ia the Platte and Pumpkinseed valleys, and 
probably would often yield water there to wells a few hundred feet in depth. Some 
years ago a well was sunk at Gering to a depth of 331 feet, which obtained a promis- 
ing flow of water, probably from the Laramie sandstone, which underlies the Chadron 
fonnation. Owing to the small size of the pipe and to accidents in boring, the 
well did not continue to flow, and clogged up so that it was a failure. As water 
supplies are particularly scant in the region about Gering and in the valleys to the 
south, it is very unfortunate that this boring was not given a fair trial. At Harris- 
burg, on the south slope of Pumpkinseed Valley, a boring has recently been made 
to a depth of 790 feet without obtaining a flow. Judging from the small samples of 
the borings which were seen, the well passed through the Chadron sands and entered 
the Laramie formation for several hundred feet, but it did not obtain a sufficient 
supply of water. It is known that the edge of the Laramie formation extends into 
southwestern Nebraska under the Chadron sands, and it should be expected to yield 
a water supply that would rise to an altitude of about 4,500 feet. In the underlying 
Pierre shale there are no chances for water. In the area in which this formation is 
.at the surface, in northern Sioux and Dawes counties, great difficultj'^ has been 
experienced in obtaining water supplies for local use, and the water found has 
generally proved to be of unsatisfactory quality. 

DEEP-SEATED WATERS. 

In the older formations which underlie Nebraska there are widespread sheets of 
permeable deposits which carry large volumes of water. In the region to the west 
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these deposits lie at great depth, and many of the higher lands are probably above 
the level to which the waters would rise to afford surface flows. Owing to the failure 
of any boring in the central and western portion of the State to reach the deep-seated 
water-bearing beds, there is lack of definite knowledge as to their depth, but there 
can be no doubt of their presence. The section constituting PI. X illustrates the 
general relations of the two principal deep water-bearing formations — the Dakota 
sandstone and the Carboniferous and underlying limestones. In eastern South 
Dakota the Dakota sandstone yields to many wells large volumes of excellent water 
under high pressure. In eastern Nebraska, where the formation approaches the 
surface, it is also the source of water supply, at first to wells of modemte depth and 
then to innumerable springs. The Carboniferous and underlying formations yield 
water to numerous wells between 650 and 1,500 feet deep in eastern Nebraska and 
Iowa. These waters pass into the formations along the foothills of the Black Hills and 
the Rocky Mountains at altitudes of from 3,000 to 6,000 feet in greater part, and 







Fio. 21.— Section from Black Hills to Pine Ridge. 

have considerable pressure and head far to the east. This pressure and head, how- 
ever, gradually decrease as the formations reach or approach the surface, the water 
then being free to escape. The waters in the Dakota sandstone lose their head 
entirely in eastern Nebraska, where the formation outcrops. The waters in the 
underlying Carboniferous limestones and older formations retain a moderate amount 
of head throughout Nebraska. Some of the factors bearing on the occurrence of 
these deep underground waters are shown in PI. XXXVIII, and in PI. XXXIX are 
shown some of the conditions of occurrence of the waters in the Carboniferous 
and underlying formations in the vicinity of Omaha, Nebr. It will be seen in 
PI. XXXIX that the head is relatively constant near 1,100 feet above sea level over 
a wide area about Omaha, but there is a slight rise to the west even in a few miles. 
At Lincoln it is 1,210 feet above sea level. The increase of head and pressure to the 
west and northwest is gradual, for the distance is great, but the amount becomes 
large as the Black Hills and Rocky Mountain zones of intake are approached. In 
PI. XXXVIII figures are given showing the altitudes along these zones and along 
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the outcrop areas east, which will aflford some idea of the head to be expected iil the 
intermediate region. In the diagram, fig. 22, there is shown a piece of physical 
apparatus which illustrates the gradient of head between a leak on the one hand and 
the source of pressure on the other, representing closely the relations which have 
been found to exist in the South Dakota artesian basin and probably prevail in a 
measure also in central and eastern Nebraska, where the head of the deeper-seated 
waters diminishes eastward. 

Data are not suflSciently definite as yet for a precise determination of this gradient 
of head across western Nebraska, but it is apparent that in some of the valleys west- 
ward the head is probably higher than the altitude of the land, so that there are 
prospects for surface flows. 

In order to reach the deep-seated waters in western Nebraska it is necessary to 
penetrate the Tertiary formations, the Pierre clay, the Niobrara limestone, and the 
Benton shale, to the Dakota sandstone, which should be expected to yield a large 




Fig. 22.— Diagram of apparatiLs illustrating the declivity of head of liquids flowing from a reservoir 

supply of excellent water. An attempt was made to reach this horizon in a deep 
boring at Chadron some years ago. A depth of 1,100 feet was attained, when the 
boring was abandoned owing to great difficulty in penetrating the Pierre shale. 
More recently an attempt has been made at Ardmore by the Burlington and Missouri 
River Railroad, which attained a depth of 1,500 feet apparently without reaching 
the bottom of the Upper Cretaceous shales. These shales can be penetrated only by 
skillful well drillers, and it is necessary to begin with casing 12 or 14 inches in 
diameter at the top, as the size will have to be reduced occasionally as the boring 
progresses. The depth to the Dakota sandstone at Crawford will probably prove to 
be 2,000 feet, and in the valley of North Platte River the amount may be somewhat 
more. There is possibility of obtaining a flow in these localities, although the alti- 
tude is somewhat greater than that of the Dakota sandstone outcrops along the south- 
ern margin of the Black Hills. It is to be expected that the pressure of water in 
the Dakota sandstone will increase to the southwest, in the direction of the Rocky 
Mountains. 
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Underlying the Dakota sandstone, with a series of gray and red sandstones 
intervening, are the limestones of Carboniferous age, which contain water in con- 
siderable volume and with somewhat greater head than the waters in the Dakota 
sandstone. These are the same beds as those yielding flows in the Missouri Valley 
about Omaha, and there is fair reason to believe that they would prove a satisfactory 
source of water supply in other portions of Nebraska. 

SPRINGS. 

Several of the water-bearing formations reach the surface along the valley 
slopes, where their outcrop is marked by the presence of springs. The locations of 
the greater number of these springs are shown in PL XXXVII. The Arikaree 
formation in the high area noi'th of the valley of Platte River supplies numerous 
springs, notably along the northern front of Pine Ridge. The basal beds of 
the Ogalalla formation also yield springs in the canyons south of the valley 
of Pumpkinseed Creek and along both sides of the valley of Lodgepole Creek. 
The most extensive series of springs is along the north front of Pine Ridge, at the 
base of the Arikaree formation and from the underlying Gering sands. All of the 
larger canyons contain springs of considerable volume, often at a succession of levels. 
Sowbelly Canyon is particularly favored in this respect, but the other valleys, from 
Jim Creek to Chadron Creek, also have good water supplies from these sources. 
Even on Round Top there is a fine spring just above the top of the Brule clay bad- 
lands. In the Brule clay area springs are rare and the volume of water is small. 
In the underlying Chadron beds there is more or less water at all points, which 
gives rise to seeps and springs along the outcrop zone of these beds north of Pine 
Ridge. In the Pierre shale region, next northward, springs are rare, superficial in 
origin, small in volume, and usually highly mineralized with iron, gypsum, or 
alkalies. 

Along the Niobrara Valley there are occasional springs, mainly in the immediate 
vicinity of the river. Whistle Creek practically heads in Coyote Springs, at an 
altitude of 4,520 feet, in the center of T. 27, R. 53. The more important springs 
along the northern side of the valley of Platte River are East Spring, Spottedtail 
Spring, Wind Spring, Winter Spring, the springs near the head of Sheep Creek, and 
those at the headwaters of Red Willow and Indian creeks. Thej^ are derived from 
the lower portions of the Arikaree formation, except the Spottedtail and Winter 
springs, which emerge from alluvium in valley bottoms. 

In the ridge between Platte River and Pumpkinseed Creek there are numerous 
small springs at the heads of some of the larger canyons which yield excellent water. 
Their distribution is shown in PI. XXXVII. The water is derived mainly from the 
Gering sands at their contact with the Brule clay. 
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The Pumpkinsefed Valley is excavated entirely in the Brule clay, and Its lower 
springfs are derived from the alluvial deposits in the valley. This is also the case 
with springs on Willow Creek and Middle Creek. In the canyons along the north 
front of the high table-land south of Pumpkinseed Creek there are numerous 
springs, which yield moderate amounts of water, mainly from the base of the 
Arikaree formation, and, where this deposit is absent, from the base of the Oga- 
lalla formation. These springs are known as Grabe Spring and Long Spring south- 
west of Harrisburg and Duggers Spring south of Courthouse Rock. 

There are a number of springs along the valley of Lawrence Fork, notably 
one 2 miles south of Redington, which yields a large flow of excellent water. 
This flow, however, sinks east of Redington and reaches Pumpkinseed Creek 
underground. 




Fio. 23.~Ideal section to illustrate some characteristic features of springs in western Nebraska. 

In Lodgepole Valley springs are very rare except at points where the creek 
itself, having sunk into the alluvial materials in the bottom of the valley, comes 
out again to flow on the surface for some distance. The best-known spring of 
this creek is at the ** Spring farm," just east of Bi'onson. Two small springs in 
Sidney Draw furnish a moderate amount of water. 

The springs in this region generally occur under two conditions, which are 
illustrated in fig. 23. On the left-hand side of the section there is shown the 
typical spring flowing out of sands, A, at their surface outcrop in a canyon or 
at the base of high lands. The water gathers from rainfall at a greater or less 
distance away and sinks underground into permeable beds, through which it 
travels to emerge as a spring at lower levels. There are many cases, particularly 
in arid and semiarid regions, where the volume of a rivulet or stream is so small 
that after running over the surface for some distance the water will sink into 
the coarse materials which usually lie in the bottom of a valley, as at B. . It 
may then continue as an underflow and emerge in places as a spring of the type 
shown at C, in the middle of the section in fig. 23. This occurs frequently in 
the region, and is the nature of some of the low-level springs above described. 

14478— No. 17—03 — ^ 
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NORTH PLATTE RIVER. 

This stream traverses the central portion of the area and, although it is shallow 
during the greater portion of the year, carries a relatively large body of water. Its 
flow is subject to seasonal variations, ranging from a wide, deep torrent in late spring 
and the first month of summer to a shallow, irregular network of streams flowing 
among sand bars in the later summer and autumn. It has been estimated that at 
Gering the North Platte dminage area is 24,340 square miles; at Camp Clarke about 
24,830 square miles; and at North Platte 28,517 square miles. The details of river 
measurements at these three points are given in Water-Supply and Irrigation Paper 
No. 15, on pages 84, 85, and 86, respectively, and the results of computations of 
discharge on pages 308 to 310 of Part IV of the Nineteenth Annual Report. Refer- 
ence should also be made to the data given in Part IV of the Eighteenth Annual 
Report, on pages 153 to 158, inclusive, and in Bulletin No. 140, on pages 99 to 102. 

Estimated monthly discharge of North Platte River at Camp Clarke^ Nebraska, 



Date. 



1896. 



Maximum. Minimum. 



Mean. 



Second-feet. 
4,100 



June 28-30 

July 1-31 1 2,386 

August 1-31 ! 1,316 

September 1-30 i 1,186 

October 1-31 ' 1,290 

November 1-8 1,238 

I 
1897. 

January 2, 404 

February • 2,404 

March 2,223 

April ...' 8,390 



May 

June 

July 

August 

September. 
October ... 
November . 
December . 



10,540 

11,400 

4,3a5 

2,042 

580 

580 



Second-feet. 
3,102 
977 

628 j 
738 I 
875 I 
706 

2,042 

1,567 

450 

1,567 

6,885 

4,520 

930 

580 

400 

350 



Second-feet. 
3,508 
1,554 
924 
939 
1,008 
1,091 

2,287 
2,253 
1,299 
3,649 
8,688 
7,401 
2,147 
1,066 
492 
484 
«500 
«500 



a Approximate. 



A large volume of the water is taken out of the river at intervals in Scotts 
Bluff and Cheyenne counties by the various irrigation canals, so that the reports at 
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Gering and Camp Clarke do not indicate the total volume of water which enters the 
State from the west. It should be borne in mind also that under the bed of the 
river there is considerable thickness of coarse sand containing an underflow of which 
the volume is far greater than that flowing on the surface in dry weather. 

North Platte River receives a number of minor branches between the mouth of 
Pumpkinseed Creek and the Wyoming line. They head in the high ridge to the 
south and in the edge of the high table-land on the north. With the exception of 
Horse Creek, their surface waters do not extend to the river, and some of them 
usually are entirely dry to their heads. There is, however, generally a small 
underflow through the coarse materials in their beds. The largest volumes of water 
are from the north, in Dugout, Indian, Red Willow, Winter, Spottedtail, and Sheep 
creeks. These all head in living springs high up in the canyons, but the waters run 
only a short distance and sink into the coarse materials, where their volume as 
underflows is probably not large. Very little water flows out of the ridge extending 
from Courthouse Rock to the headwaters of fiaowa Creek, and except in the heads 
of a few canyons where there are springs the valleys are dry and appear to have 
but scant underflow. Horse Creek carries a moderate volume of water from some 
high ridges in V.'^yoming. 

PUMPKINSEED CREEK. 

The wide valley of Pumpkinseed Creek is traversed by a small stream which 
heads in the northwest portion of Banner County, in springs and seeps which gather 
considerable volume in the vicinity of Ashford. Additional supplies are received to 
the east, but the stream increases in size very gradually. It enters North Platte 
River near Lapeer. Some gagings made near its mouth were aj9 follows: July 26, 
1894, 17.1 feet; June 28, 1896, 22.2 feet. 

The stream has numerous branches, but these contribute only surface water 
during the more rainy portion of the year. They nearly all have underflows of small 
volume, for their beds consist of gravels and sands into which the water sinks to the 
"hardpan" floor, and, moving slowly under ground, adds materially to the volume 
of the underflow of the main creek. The principal aflJuent is Lawrence Fork, which 
contains a considerable volume of water in Ts. 17 and 18, R. 52, but this water 
finally sinks during the summer and flows underground for 2 miles to join the main 
creek near Redington. The other branches — Greenwood, Hackberry, and Bighorn 
creeks, Indian Springs, and Willow Creek — all contain some water in the upper 
portions of their valleys, but this water sinks into the coarse material of the valleys 
before it reaches Pumpkinseed Creek. The branches from the north are dry coulees 
in greater part. They contain water from very small springs in the vicinity of 
their heads. 
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LODGEPOLE CREEK. 

The waters of Lodgepole Creek rise in Wyoming and, gradually gaining volume, 
enter Nebraska with a flow which, in August, 1895, was found to be 3.5 cubic feet a 
second. At about the same time the creek was found to flow 4 cubic feet a second 
at the north-south line between sees. 34 and 35, T. 15, R. 57. The volume varies 
greatly from point to point, but there appears to be a good underflow. For portions 
of its course the entire volume of the stream is diverted into irrigation ditches. In 
summer the creek becomes perfectly dry from the vicinity of sec. 28, T. 15, R. 54, 
for about 12 miles, to a point near the south line of sec. 4, T. 14, R. 52, where the 
water again appears, running: 2i cubic feet a second at first, and then at a dam one- 
half mile below 4 cubic feet a second. There are in this vicinity many short ditches 
which take all or the greater portion of the water and leave the creek dry below the 
dam in the SE. i sec. 14, T. 14, R. 51. It continues dry through sec. 13 and nearly 
through sec. 19, but near the east line of sec. 19 the water again rises to the surface 
and flows 2 cubic feet a second for a short distance. Then the creek is dry nearly to 
sec. 36, T. 14, R. 50, where there is a flow of about one-half a second-foot, which is 
diverted into irrigation ditches. 

All these measurements were made in August, 1895, by Mr. Adna Dobson, as 
given in the first report of the State board of irrigation for 1895 and 1896. A 
measurement of the Lodgepole made at Kimball by Mr. Youngf elt on June 26, 1896, 
indicated 4.5 second-feet. 

Several tributaries empty into the valley of Lodgepole Creek, but they do not 
contain flowing waters except in times of freshet. The principal one is Sidney Draw 
with its two branches, heading in the high table-land far westward in Kimball County, 
south of Lodgepole Valley. The branches which empty into Lodgepole Creek from 
the north head in high table-lands a short distance back and descend to the valley as 
dry coulees with steep declivities. Some contain underflows from springs which 
ordinarily do not have suflicient volume to reach the surface. 

SNAKE CREEK. 

Snake Creek is a stream which heads in the southeast corner of Sioux County, 
mainly among the sand hills, and flows in a very shallow valley over the table-land 
north of the valley of North Platte River. It receives waters from various springs, 
but its flow over the surface is intermittent and the volume of water relatively 
small. Its principal branch is from the north, known as Point of Rocks Creek, 
which contains a spring of fair size, but flow^s mamly underground. 

NIOBRARA RIVER. 

This stream flows in a relatively shallow depression in the summit of the high 
table-lands lying between North Platte and White rivers. It enters Nebraska from 
Wyoming, and is a fine running stream of considerable volume throughout its course. 
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For this reason it was called by the Indians Niobrara, meaning '*ininning water.*' 
This translation is still much in use, and the French equivalent, 'VL'eau qui court," 
is occasionally heard. 

We have only two reports on the volume of the river, one of gaging made by 
Mr. E. T. Youngfelt June 23, 1896, at Marsland, where the flow was found to be 
4 second-feet, which seems incredibly small, and the other, a measurement made by 
Prof. L. E. Hicks in range 51, Dawes County, of 98 second-feet on September 4, 
1887. 

The principal branch which this stream receives in western Nebraska is Whistle 
Creek, a flowing stream of small volume which heads in Coyote Springs. The other 
branches are very small and do not have flowing water at the surface. 

WHITE RIVER. 

The valley heading in Pine Ridge a short distance east of Harrison and opening 
diagonally out of the high lands near Cmwford contains the headwaters of White 
River. From its head springs, near Andrews, it is a running stream which gradually 
increases in volume to the northeast and becomes a prominent river before leaving 
Nebraska. During the greater part of 1897 a gaging station was maintained at 
Crawford, Nebr., the results obtained being given on page 299 of Part IV of the 
Nineteenth Annual Report. The following gagings by Mr. E. T. Youngfelt indicate 
the volume of White River in early summer and the rate of flow of a number of its 
branches at various points: 

Discharge meamtemerUs of White River and some of its branches. « 



Stream. 



White River , 

Do 

Do 

Do 

Soldier Creek 

White Clay Creek 

Fort Robinson ditch . . 
Squaw Creek 

Weat Ash Creek 



East Ash Creek 

Little Cottonwood 
Creek. 

Big Cottonwood Creek. 

Indian Creek 



Date. 



June 24,1896 

.....do 

June 25,1896 
June 1, 1891 
June 24,1896 
do 1. 



..do.... 
..do 



June 25,1896 



..do 
..do 



do 

....do 



Locality 



Seo. 23, T. 31 N., R. 53 Vx . . 

Crawford 

Whitney 

Chadron 

Fort Robinfion 



N. line sec. 2, T. 31 N., R. 
52 W. 

Fort Robinson 



Discharge 
per second. 



N. line sec. 1, T. 31 N., R. ' 
52 W. ; 

N. line sec. 25,T. 32N., R. ; 
51 W. i 

Half mile above mouth 

Sec, 7, T. 32N., R. 51 W.J 

I 

6 miles west of Whitney ... 
Near mouth 



Cxtbic Seel. 

23.30 

30. 70 

27.20 

123.00 

3.23. 

4.00 

.79 
.66 



1.73 

1.09 
.10 

.20 
.06 



a Eighteenth Ann. Kept. U. S. Geol. Survey (for 1896-97). pt. 4, 1^97, p. 193. 
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White River receives numerous branches from the deep canyons in the north 
face of Pine Ridge between Glen station and Chadron, notably irom White Clay, 
Ash, Indian, and Chadron creeks. Its principal affluent on the north side is Soldier 
Creek, which heads in T. 32, R. 54, and furnishes a considerable volume of water, in 
part used in irrigation at Fort Robinson. Little Cottonwood, Big Cottonwood, Lone 
Tree, and Rush creeks are the principal branches from the north and west. They 
furnish but small amounts of water and are usually in greater part dry during 
midsummer. 

HAT CREEK BASIN. 

Hat Creek and its numerous branches head in deep canyons along the north face 
of Pine Ridge from Round Top to the Wyoming line. A large amount of water is 
supplied by the head streams, notably Hat Creek and Sowbelly, Prairie Dog, Mon- 
roe, Warbonnet, and Jim creeks, but the amount diminishes rapidly by evaporation 
as the edge of South Dakota is approached. The branches which head among the 
low hills north of Pine Ridge contain water only in the rainy portion of the year. 

IRRIGATION. 

There is in this region considerable acreage under cultivation with the assistance 
of irrigation. There are extensive canals along the valley of North Platte River, 
several ditches along White and Niobrara rivers, and local arrangements for irriga- 
tion have been made in some of the smaller valleys. The results have been so satis- 
factory that there is prospect of some extension of irrigation operations. Much of 
the country is distant from good markets, and during the last few years farm products 
usually have not sold at profitable prices. The local demands, however, have often 
been sufficient to yield satisfactor}- returns to many of the irrigators. In Pis. XL 
and XLI are shown the canals and irrigated and irrigable areas in Nebraska west of 
the one hundred and third meridian and north of latitude 41^ 30 ^ 

NORTH PLATTE VALLEY. 

The large volume of water in North Platte River and the wide bottom lands 
bordered by long zones of gentle slopes afford ideal conditions for irrigation in this 
valley. The soil is usually thick and rich and, although somewhat alkaline, responds 
most satisfactorily. 

The history of irrigation in the valley dates back to the latter part of 1887, with 
the organization of the Farmers' Canal Company in Cheyenne County. Soon there- 
after the Winter Creek, Minatare, and Enterprise canals were built, in 1888 and 1889, 
although the Enterprise canal was not entirely completed until somewhat later. 
The Minatare canal was begun in February, 1888, and opened August 20, 1888. 
These canals are all in Cheyenne and Scotts Bluff counties. The Mitchell canal was 
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soon after constructed, in Scotts Bluff County, on the south side of the river west of 
Scotts Bluff. It is about 25 miles in length, 24 feet wide at the bottom, and conveys 
water to about 20,000 acres of bottom land. Early in 1888 the Castle Bock canal 
was constructed. It has a width of 18 feet on the bottom for the first 9 miles and 
then divides into two branches, each about 8 feet wide on the bottom and carrying 8 
feet of water. Another large canal was built at Bayard. In 1893 the Ramshom 
ditch was built in the western part of Scotts Bluff County. The Farmers canal has 
a head gate with a front opening 156 feet wide, with 27 individual gates. It is cap- 
able of taking an 8-foot head of water. The canal is 60 feet wide at the bottom and 
carries 8 feet of water. The first mile is completed 60 feet wide on the bottom, and 
for the remainder of its length its width is 30 feet. A gaging made at its head gate 
by Mr. E. T. Youngfelt on June 19, 1896, showed a flow of 2.28 cubic feet a second. 
The following list comprises all the main canals, but not the many miles of lat- 
erals into which they empty: 

ImI of irrigation canals in valley of North Platte River, in Nebraska, tvest of the one hundred and third 

meridian. 



Name. 


Location of Intake. 






Length. 


Scotts Bluff County: 

Lawrence canal 


Horse Creek 


Wyoming 
.--.do .... 


T. 
23 
23 
23 
22 
21 
21 
21 
21 

21 
20 
20 
20 
19 


S. 
58 

58 

57 

56 

55 

55 

54 

54 

54 
53 
53 
52 

51 


MOet. 

25 

15 
6 

22 

11 

5 

10 

15 

8 


Mitchell canal 


North Platte River 


Farmers canal 

Ramshom canal 

Enterprise canal 

Winter canal 

Gering canal 

Minatare canal 


do 


See. 
19 

34 

12 

35 

7 

14 

19 

35 

35 
22 
23 
34 

11 


do 


do 


do 


do 


do 


Castle Rock canal 


do 


Bayard canal 


do 


Cheyenne County: 

Bayard canal 


do 


122 


7 
11 
10 
15 

6 


Chimney Rock canal 


do 


Alliance canal 


do 


Belmont canal 


do 


Browns Creek canal . . . , . 


do 


Total 




49 


171 
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The Lawrence canal derives its water from Horse Creek, in Wyoming, and it is 
supplemented by one 400-acre storage reservoir 10 feet deep and another covering 
180 acres 11 feet deep. 

The following estimates of crops raised in the Platte Valley are based on data 
obtained by Mr. C. A. Fisher and others during the autumn of 1897. In Scotts 
Bluflf County the area irrigated from North Platte River in 1897 was 16,080 acres, 
in which wild hay, alfalfa, corn, and wheat were the principal crops. Oats and 
garden vegetables were also irrigated extensively. In Cheyenne County the area 
irrigated from North Platte River in 1897 was 4,150 acres, of which hay and alfalfa 
were the principal products, together with smaller amounts of various cereals 
and vegetables. The jneld per acre of crops under irrigation is somewhat variable. 
Wheat usually harvests from 30 to 40 bushels an acre; potatoes, 150 to 200 bushels, 
and wild hay, li tons. Alfalfa yields 2 tons to the cutting, and is cut three times a 
season. Near Sunflower post-office there is an extensive orchaixi under irrigation, 
which promises to be very successful. It contains about 3,200 trees, many berry 
bushes, and 5,000 strawberry plants. 

The cost of irrigation was found to A^ary greatly. Figures were obtained for 
7,500 acres in the Platte Valley, which indicate an average cost of 41 cents an acre. 
The farms are mostly from 80 to 160 acres. The individual cost an acre varied in 
greater part from 30 to 75 cents. In many cases the water was paid for partly in 
cash and partly in labor. 

PUMPKINSEED VALLEY. 

Pumpkinseed Creek is available for irrigation of a small marginal acreage along 
the greater part of its course, but the waters are used onh^ to a small extent. There 
is a ditch, known as the Courthouse Rock canal, extending from the west line of 
range 50 to Greenwood Creek, a distance of 5 miles, and there are several small local 
ditches and reservoirs at various points, shown in PI. XL. The area of crops is 
about 90 acres, embracing several hay meadows. Lawrence Fork is used locally for 
irrigation 2 miles south of Redington, and its excellent water supply would admit of 
much more extensive use. 

NIOBBARA VALLEY. 

The waters of Niobrara River are utilized extensively for the irrigation of 
narrow strips of the bottom lands. There are canals at frequent intervals along its 
course, which furnish water mainly for hay meadows. Some grain crops are raised, 
but their acreage is small. The total area under irrigation in 1897 was about 7,015 
acres. 
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The following is a list of the canals, compiled from data recently obtained by 
the State engineer: 

List of irrigation ditches aUmg Niobrara River j in Nebraska, west of the one hundred and third meridian. 



Location of 
intake. 



Xarae. 



Sioux County: 

Bigelow <fe Seymour ditch 

Warneke's ditch 

Johnson's ditch , 

Lacota ditch 

Peter Bouretfe ditch 

Earnest ditch 

McGinley & Stover upper ditch , 
McGinley & Stover lower ditch 

Harris & Neece ditch 

La Belle ditch 

ditch 



Sec. 



Irion Brothers' ditch 

Moore's ditch 

Boxbutte County: 

McLaughlin ditch 

Vincent ditch 

Hughes ditch 

Dawes County: 

Snow ditch 

Palmer ditch 

Furman ditch 

Enterprise ditch 

Hatch & Cross ditch 

McMannis & Neeland ditch . 



19 

27 

36 

1 

29 

9 

23 

25 

3 

6 

4 

1 

9 

9 
10 

1 



31 
31 
31 
30 
30 
29 
29 
29 
28 
28 
28 
28 
28 

28 
28 
28 



35 29 



36 

29 
28 
25 
29 



Total. 



57 
57 
57 
57 
56 
56 
56 
56 
55 
54 
54 
54 
53 

52 
52 
52 

51 
51 
50 
50 
50 
49 



Approxi- 
mate 
len^h. 



MOei. 
1.75 
2.00 
. 75 
3.00 
2.00 
4.00 
3.50 
3.00 

10.00 
2.00 
4.00 
2.00 
3.50 

3.00 
1.00 
2.00 

1.00 
5.00 
3.00 
3.50 
3.00 
2.00 



65.00 



WHITE RIVER BASIN. 

The relatively large volumes of running water in White River and those of its 
branches which head in the canyons on the north front of Pine Kidge have been 
utilized at various points for irrigation. Many ditches have been constructed, and 
there are plans for a more extensive use of the waters. At present about 3,655 
acres are under irrigation, in greater part along the main valley. 
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The following list of ditches is compiled from data obtained by the State 
engineer during 1897: 

lAtt of irrigation ditches in Y^ite Rirer Basin^ in Nebraakoj weM of the one hundred and third meridian. 



r 



Name. 



Location of intake. 



Sioux County: 

Lewis ditch j White River . . 

Schwartz-Hughson <litch do 

Tucker's ditch do 

Colville ditch ' Kyle Creek . . . 

Diedrichson ditch White River . , 

Johnson ditch do 

Jacobson ditch do 

Mason ditch , do 

Crawford Citizens' ditch do 



Dawes County: 

Crawford Citizens' ditch . 
Hazleton ditch 



Cooper ditch 

Butterworth ditch 

Hall'sditch 

White River Irrigation Com- 
pany's ditch. 

McFarland'fi ditch 



Harris & Cooper ditch White River . . 

Rasher ditch do 

Welling ditch do 

Harris ditch do 

McManus ditch Hooker Creek- - 

Stewart Brothers' ditch Little Cotton- 
wood Creek. 

Thomas Stewart ditch ' do 

Spring Creek ditch ' Spring Creek, , 

Spring Creek ditcli No. 1 \ do 

Kusil ditch 



.do 



White Clay 
Creek. 

do 

White River... 

do 

do 



White 
Creek. 



Clay 



Mace ditch 

West Ash Creek Irrigation 
Company's ditch. 

Baron ditch 

Ox Yoke ditch 

James Wilson ditch 

Seegrist ditch 



Little Cotton- 
wood Creek. 

WestAshCreek. 

do 



East Ash Creek. 

do 

Indian Creek . . 
do 



Sec. 

27 

26 

34 

3 

1 

7 

32 

32 

23 



23 

13 

2 
3 

34 
34 



T. 
31 
31 
31 
30 
30 
30 
31 
31 
31 



31 
31 

31 
31 
32 
32 



E. 
55 
55 
54 
54 
54 
53 
53 
53 
53 



53 
52 

52 
52 
51 
52 



35 32 52 



25 
19 

17 
17 

7 
8 

8 
13 
18 

9 

2 
36 

32 

31 

10 

3 



32 
32 
32 
32 
31 
32 

32 
32 
32 
32 

31 
32 

32 
32 
31 
31 



52 
51 
51 
51 
51 
52 

52 
52 
51 
51 

51 
51 

50 
50 
50 
50 



Length. 

0.50 
.25 
. 75 

1.00 
.50 
.50 
.50 
.25 

1.50 

5. 75 

18.50 
1.00 

L75 

.50 

13.00 

2.00 



10.00 
1.00 
.50 
2.00 
1.00 
1.50 

.75 

.75 

LOO 

LOO 

LOO 
2.00 

.50 
L50 
.125 
.50 
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Name. 


Location of intake. 




1 
Length. 


Bawes County — Continued. 

Flood ditch 


East Fork of 
IndianCreek, 

Trunk Butte 
Creek. 

Dead Horse 
Creek. 

do 


Sec. 
33 

26 

9 

9 
32 
32 

12 

12 

1 


r. 
32 

32 

31 

31 
32 
32 
32 
32 
32 


50 

50 

49 

49 
49 
49 
49 
49 
49 


0.75 

.50 

1.00 

. 75 
. 75 
.50 
.50 
.75 
1.00 


• 

Smock's ditch ' 


Goff ditch 


Norton ditch 


Woodruff ditch 


do 


Kemery Ram 


do 


W. Wilson's ditch 


Chad ron Creek. 
do 


H. M. Wilson's ditch 


Half Diamond 


do 


Total 




69. 125 


74.875 













LODGEPOLE VALLEY. 

The water of Lodgepole Creek has been utilized for irrigation for several years, 
and at times practically all the stream has been diverted into the fields. Hay has 
beetl the principal crop, but grains and vegetables have also been irrigated to some 
extent. The average volume of the creek is about 4 cubic feet per second, but along 
some portion of the valley the waters sink beneath the surface and, traveling under- 
ground for some distance, emerge again in springs. The following facts relating to 
this valley are taken from notes by Mr. Adna Dobson, made in the summer of 
1895 :« 

Commencing from the west, the first ditch is the Hoover, which supplies water 
for about 50 acres; then come the ditches of S. A. Pierce and L. C. Kinney, 
which supply water for about 575 acres, mainly of hay lands. In the next 4 
miles no more water is taken out, and then comes the head of the Young 
ditch, which supplies water for about 30 acres, extending to sec. 34, T. 15, R. 57. 
Five miles lower down is the ditch of Carl Ruttner, which takes water on each 
side of the creek, the total amount being 4.9 cubic feet a second, which is 
used for covering about 40 acres. One mile lower down is the beginning of 
J. J. Kinney's south ditch, which takes all the water in the creek, 3.6 cubic feet 
a second, for the cultivation of about 140 acres. One-half mile below this is the 
head of J. J. Kinney's north ditch, into which the entire creek is diverted. The 

a First Biennial Report of the State Board of Irrigation of the State of Nebraska for 1895 and 1896, prepared by \V. R. 
Akers, Lincoln, 1897, pp. 151-157. 
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amount of water is 2.1 cubic feet a second for the watering of 190 acres. These 
ditches are used alternately in order to obtain greater volume. The amount of water 
in the creek increases rapidly below the head of Mr. Kinney's ditch, and at the east 
line of sec. 34, one-half mile below, the creek is running about 6 cubic feet per 
second. Within the next 3 miles is the Hurley, Liley & Polly ditch, which takes 
4.5 cubic feet of water a second for the irrigation of 160 acres. Two miles below 
this is the head of the Hurley & Polly ditch for the irrigation of about 125 acres. 
One-half mile lower down the valley is the head of the Bay State ditch, which takes 
2.5 cubic feet of water a second for 100 acres. In the next 7 miles are the Mcintosh, 
Circle Arrow, and Brady ditches, with only limited supplies of water, the creek 
becoming practically dry above Mr. Brady's head gate in sec. 28, T. 16, R. 54, and 
continuing so to a point in sec. 4, T. 14, R. 52, where it again appears. A measure- 
ment at the head of the Adams ditch, in sec. 31, T. 14, R. 52, showed 2i cubic feet a 
second, which is taken by the Adams ditch for the cultivation of 245 acres, mainly 
of hay. Next below is Thomas Gunderson's ditch, which has 5 cubic feet of water 
a second for 100 acres. In sec. 7, T. 14, R. 51, is the ditch of Mr. Hans Christian- 
son, which takes about 1 cubic foot of water a second for 70 acres. One and one- 
half miles below this is the ditch of Mr. James Mitchell, which takes 3.5 cubic feet 
a second for 60 acres; and next below is the head of Mr. John Anderson's ditch, for 
200 acres. This ditch is used alternately with the Mitchell ditch in order to have a 
sufficient volume of water. Then comes the very small ditch of Mr. J. A. Shanahan 
for the irrigation of 2 or 3 acres. The next dam below is for Mr. M. Urback's ditch. 
Then there is the ditch of N. P. Lingholm, which heads in the SE. i sec. 14, T. 14, R. 
51, and provides water for 30 acres. It was taking 1.5 cubic feet of water a second 
at the time of observation. The creek is dry below this through sec. 13 and nearly 
through sec. 19. Near the east line of sec. 19 the water rises again, and at the head 
of the Couch ditches, in the SW. i sec. 20, T. 14, R. 50, 2 cubic feet a second is 
available for the irrigation of about 40 acres. Runge's ditches, Nos. 1 and 2, are in 
sees. 28 and 29, T. 14, R. 50, and provide for about 105 acres. The Ickes ditch 
comes next, but the amount of water is hardly sufficient to cover more than 100 acres. 
About one-half cubic foot of water a second passes the Ickes dam and fills a small 
pond at the head of the Adams & Tobin ditch, but the supply was inadequate to 
cover the 180 acres to be irrigated. Below this dam the creek is entirely dry for 
the next mile, where the water rises again in springs; and at the head of the Trog- 
nitz ditch, in sec. 36, T. 14, R. 50, one-half a cubic foot of water a second flows into 
the ditch and is used for the irrigation of about 34 acres. It is the same ditch that 
was built by the United States to supply water for Fort Sidney. 

The table following gives the acreage of crops irrigated in the Lodgepole Valley 
west of the one hundred and third meridian in 1896, according to the first report of 
the State board of irrigation (p. 158). 
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Acreage of crops irrigated in the Lodgepole VaUey ivest of the one hundred and third meridian in 1896. 



Acres. 



Alfalfa 317 Barley 



Native hay 2,160 

CJorn 80 

Oats 66 

Wheat * 63 

Millet 57 



Rye 

Potatoes 

Garden trees, etc 



Acres. 

20 

2 

42 



Total 2,832 



HAT CREEK BASIN. 

The upper portions of Hat Creek and its numerous branches rising in canyons 
in the northern slopes of Pine Ridge contain water in sufficient supply for the 
irrigation of many local areas. These are mainly in the relatively narrow canyons, 
where only small strips of land are so situated as to be easily watered. The volume 
of water in most cases is ample and is derived from ever-flowing springs. Nearly all 
the canyons contain small, short canals, which serve for the irrigation of numerous 
small farms. The total area under irrigation in 1897 was estimated to be 1,860 acres. 

The following is a list of the canals according to the plots of the State engineer: 

List of irrigation ditches in Hat Creek Basin, Sioux County , Nebr, 




Steel ditch 
Coffee's ditch 
Miller ditch 

Holly'sditch 

Old Sowbelly ditch 

Hall'sditch 

M. D. Jordan's ditch 

Schlitz ditch 

Valdeg ditch 

Zerbst ditch 

Big Monroe Creek ditch 

Biehle ditch 

Nolan's ditches, No. 1 and No. 2. 

Kay's ditch 

Daut ditch 

ditch 

Warbonnet ditch 

Woodruff's ditch 

Slattery's ditch 

Jim Creek ditch 

Hamlin ditch 

Dunn's ditch 



Hat Creek 

do 

do 

Boggy Creek 

Sowbelly Creek 

do 

do 

Cedar Greek .., 

Prairie Dog Creek. . 

do 

Big Monroe Creek . 



Warbonnet Creek . , 

do 

do 

do , 

do 

Jim Creek 

.....dp 

do 

Squaw Creek 

do 



Sec. 
16 
26 
23 
31 

7 

6 
21 
35 

3 
25 
33 
32 
23 
26 
30 
31 
21 
14 
13 

S 
10 

11 



T. 
32 
33 
33 
33 
32 
32 
33 
33 
32 
33 
33 
33 
33 
33 
33 
33 
33 
33 



33 



B. 
55 
55 
55 
54 
55 
55 
55 
56 
56 
56 
56 
56 
57 
57 
56 
56 
56 
57 
57 
56 
57 
57 



MUet. 
1.50 
5.00 

.75 
1.00 
2.00 

.50 
1.50 
2.00 

.50 
1.00 
2.00 

.75 
1.25 

.75 
1.00 
1.00 
1.50 
1.00 
1.00 

.60 

.50 
2.00 
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List of irrigation ditches in Hat Creek Basin, Siouj: County, Xebr. — Continued. 



Name. 


Location of intake. 




1 
Length, i 


P. D. Dunn's ditch 


do 


Sec. T. 

3 33 
26 34 

8 34 
29 33 


J?. 
57 
57 
56 
54 


Miief. 
1.00 


Turner's ditch 


Antelope Creek 

do 


1.50 


Story's ditch 

Cherrv Creek ditch 


1.00 


Cherry Creek 


.25 


Total 




32. 75 ' 











WINDMILL IRRIGATIOX. 

Several farmers in western Nebraska have experimented with windmill irrigation 
with encouraging results. There are large supplies of underground waters under 
the high table-lands, beginning with Pine Ridge and lying in broad expanse between 
the larger valleys. This is notably the case on the fine table lying l>etween the 
valleys of Lodgepole Creek and Pumpkinseed Creek. These waters are usually at a 
,depth of over 175 feet, but a large windmill soon raises sufficient water to fill a fair- 
sized reservoir. About 10 acres seems to be the limit for irrigation from one 
windmill, but this area will afford sufficient crops for local use. A reservoir is 
essential for satisfactory irrigation from a pump, but there usually is no difficulty in 
constructing one in the table-land areas. 

ClilMATE. 

Western Nebraska has a climate of typical plains character. It is dry and hot 

in summer, moderately moist in late spring, and cold, but with little soow, in winter. 

There is considerable variability in the climatic features from year to year, rather 

more than is found farther south or north, and some local variations from point to 

point, particularly in rainfall. Records of weather were kept for manj' years at 

Sidney, in the Lodgepole Valley, and at Fort Robinson, on White River, while for 

shorter periods observations have been made at Alliance, Gering, Hay Springs, 

Kimball, and Camp Sheridan. In PI. XLII there is given a graphic reproduction of 

rainfall records covering a period of several years at some of the stations aiX)ve 

mentioned, compiled from an article on the Rainfall of Nebraska,^ by C. D. Swezey 

and G. A. Loveland, together with data for 1896 and 1897, kindly supplied by Mr. 

Loveland. 

TIMBER. 

The occurrence of timber in this region is restricted to certain localities of rela- 
tively limited extent. In the greater part of the plains area there is no timber at 
all, and the valleys of the Platte and upper Niobrara rivers and Lodgepole Creek do 
not contain trees. Along the northern escarpment of Pine Ridge, on the slopes of 
the White River and Hat Creek basins, there is a moderately wide zone of scattered 



a University of Nebraska, Bull. Agric. Exper. Stat., vol. 8, article 4, 1896. 
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pine forest. It extends from the crest of the ridge down nearly to the foot of the 
steeper slopes, and the aggregate amount of timber is fairly large. Along the ridge 
south of North Platte River there was formerly considerable pine, and many of the 
slopes north of Platte River and south of Pumpkinseed Valley maintained a scattered 
growth of pine. Some of the canyons in this region contain deciduous trees in 
small groves, and this is also the case in the many canyons in the northern slopes of 
Pine Ridge and at intervals along the banks of White River. The extent of the 
timber in this region is shown in PI. XLIII. The principal tree is the Rocky 
Mountain pine {Pi7uis ponderosd). It attains a diameter of from 1 to 2 feet where 
the conditions are most favorable, but its growth is somewhat scattering, and deep 
inroads have been made on the supply by woodcutters. The young pines appear to 
be thrifty, as they spring up abundantly on most of the slopes, and are growing 
vigorously. Some features of the pine growth are shown in Pis. VIII and XXI. 

In the region adjoining North Platte River the growth of pines is rather 
scanty, and nearly all of the larger trees have been or are being cut. This is also 
the case along the edge of the table-land south of Pumpkinseed Creek. 

The deciduous trees of the region comprise mainly cottonwood {Populus rrwnUi- 
fera)^ with a moderate proportion of box elder {Negundium americanum)^ and a 
small variety of other similar trees. 

EliETATIONS. 

List of elevaiions in Nebraska u^est of the one hundred and third meridian. 

WESTERN CHEYENNE COUNTY. 



Locality. 



Feet. 

Lapeer.' 3,638 

Courthouse Rock 4,100 

Jail Rock 4,002 

Roundhouse Rock 4, 235 

Twin Mounds 4,309 

Redington 3,870 

Camp Clarke 3,705 

Springs on Middle Creek 3,830 

Chimney Rock 4,242 

Bird Cage Gap i 4,028 

Bayard 3,780 

Redington Gap 4,126 

Cyrus 4,320 

Spring Lakes ' 4,260 

Buggers Springs 4, 030 

Ridge at head of McManigle Canyon. . 4, 520 

Table-land T. 22, R. 60 W 4,200-4,-^00 



Altitude. 



Authority. 



U. S. G. 
Do, 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



S. bench mark. 
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lAgi of elevations in Xebratka vest of the one hundred and third meridian — Continued. 
WESTERN CHEYENNE COUNTY— Continued. 



Locality. 



Ickes post-office 

Table at head of Wild Horse Canyon. . 

Sidney 

Maiyate siding 

Bronson , 

Herdon siding 

Potter 

Jacinto siding 



Dix , 

Owasco siding . . 

Kimball 

Adams 

Bushnell siding . 
Smeed siding . . . 



Altitude. 



I 



Authority. 



Feet. 

4,415 

4,450 

4,090 

4,138 

4,203 

4,301 

4,377 

4,486 



Barometer. 

U. S. G. S. 

Gannett. « 

Union Pacific Railroad. 

Do. 

Do. 
Gannett. « 
Union Pacific Railroad. 



KIMBALL COUNTY. 



4,542 
4,616 
4,697 
4,781 
4,859 
4,925 



Union Pacific Railroad. 
Do. 
Do. 
Do. 
Do. 
Do. 



BANNER COUNTY. 



Wildcat Mountain 

Hogback Mountain 

Castle Rock 

Bighorn Mountain 

Wrights Gap 

Gabe Rock 

Freepo rt 

Harrisburg 

Ashford 

Mud Springs. . .•. 

Willow Springs 

Funnel Rock 

Gabe Springs 

Long Springs 

Summit of table south of Harrisbui^. 

Smokestack Rock 

Sheep Mountain 

Williams Gap 

Hubbard Gap 



5,038 


U. 


S. G. S. 


5,082 




Do. 


4,472 




Do. 


4,718 




Do. 


4,425 




Do. 


5,006 




Do. 


4,010 




Do. 


4,500 




Do. 


4,230 




Do. 


4,640 




Do. 


4,450 




Do. 


4,502 




Do. 


4,700 




Do. 


4,700 




Do. 


5,100 


Barometer. 


4,326 


U. 


S. G. S. 


4,507 




Do. 


4,420 




Do. 


4,494 




Do. 



a Dictionary of altitude in the United States: Bull. U. S Geol. Survey No. 160. 1899. 
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lAgt of elevations in Nebraska west of the one hundred and third meridian — Continued. 

SC0TT8 BLUFF COUNTY. 



Locality. 



Scotta Bluff 

Dome Rock 

Gering 

Sedan 

Winter Springs 

Minatare 

Sunflower 

Collins 

Caldwell 

Miti'hell 

Larissa 

Dorrington 

Intake of Winter canal 

Intake of Enterprise canal 

Roubedeau Pass 

Signal Butte 

Summit of Ridge at head of Cedar 
Canyon. 

Mitchell Pass 

Bald Peak 

North Platte River at Wyoming line. . 

Castle Rock 

Steamboat Rock 

Roundtop Rock 

Coyote Hill 



Altitude. 

Feet. 

4,662 

4,560 

3,902 

3,966 

3,990 

3,826 

3,940 

4,018 

4,050 

4,000 

3,960 

4,450 

3,900 

3,980 

4,480 

4,683 

4,860 



Authority. 



U. 



S. G. S. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



J_ 



4,180 


Do. 


4,420 


Do 


4,035 


Do 


4,473 


Do 


4,319 


Do. 


4,479 


Do. 


4,460 


Do. 



SIOUX COUNTY. 



Snyder's ranch 

Sturdivant's ranch 

S W. comer of the county 

N W. corner of the county 

Harrison 

Andrews 

Glen 

Adelia 

Mansfield 

Niobrara River at Wyoming line 

Niobrara River at ea4«tern margin of 
the count V. 



I 



4,310 
4,375 
4,050 
4,125 
4,849 
4,422 
4,038 
3, 725 
3, 628 
4,730 
4,200 



U. S. G. S. 

Do. 

Do. 
Barometer. 
F., E. andM. V. Rwy. 

Do. 

Do. 
B. and M. R. R. R. 

Do. 
Barometer. 

Do. 
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List of eletntioTM in Neftraska vest of the one hundred and third meridian — Continued. 
SIOUX COCNTY— Continued. 



Locality. 



Niobrara River at Roy ville 

Niobrara River at mouth of Whistle 
Creek. 

Highest sandhill in 8ei\ 17, T. 26, R. 55. 

night»:it sandhill in sec. 21, T. 27, R. 56. 

Corbin'w ranch 

Mud* Springs 

Coyote Springs 

McGinley Lakes 

F^t Spring 

Spottedtail Springs* 

Wind Springs 

Gilchrint 

Montrase 

Roundtop 

ColiHeum Rock 

Pine Ridge at WvoiMing line, T. 33, 
R. 57. 

Pine Ridge, south of Andrews 

Pine Ridge, south of CJlen 



Altitude. 

Feet. 

4,457 

4,280 

5,100 
5,020 
4, 495 
4,470 
4,520 
4,530 
4, 525 
4,120 
4,460 
3,iK)0 
3, 750 
4,525 
5,050 
5,060 

4,800 
4,810 



Authority. 



DAWES COCNTY. 



Fort Robinson station 3, 775 

Crawford 3, 674 

Whitney 3,404 

Dakota Junction 3, 256 

Remington 3, 660 

Rutland 4,141 

Belmont 4, 493 

Marsland : 4, 156 

Summit of Pine Ridee, near Belmont. 4, 600 

Niobrara River at 103d mt-ridian 3, 9(X) 

BOXBITTK CorNTY. 



r. S. G. S. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Barometer. 
Do.. 
Do. 
Do. 
Do. 

Do. 
Do. 



Gannett,'' 
! F.,E.and M. V. Rwy. 

Do. 

Do. 
B. and M. R. R. R. 

Do. 

Do. 

Do. 
Barometer. 

Do. 



llemingford 4, 256 B. and M. R. U. R. 

(iiranl 4, 3<m Do. 



> Lot-, rit. 



INDEX 
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Adella, badlands near, view of 42,44 

Adelia station, foimations near 40 

section from Ronnd Top to 39 

Alliance, rainfall at 62 

Alluvial formations, water In 44 

occurrence and character of 16, 22-23 

Altitudes, list of 63-66 

Ardmore, boring at 47 

Arikaree formation, blow out in, view of 28 

bntte of, view of 26 

cliffs of, view of 30 

conglomerate in 28-29 

sections showing 27, 28 

view of 24 

Dsemonelix beds in, view of 28 

occurrence and character of 17,26-29 

pipy concretions in, view of 28 

section showing relation of Brule formation to 25,26 

showing Ogalalla formation and 24 

springs in , 48 

view of Gering formation, Brule clay, and 32 

Brule clay and 26 

volcanic ash in 43 

waterin 44 

Artesian flow at Omaha, areas of. map showing 50 

Ash, volcanic, occurrence of 35, 42-13 

Ashford, formations near 36 

section near 37 

Badlands at foot of Scotts Bluff, view of 40 

near Adelia, view of 42, 44 

Barbour, £. H.. aid by 9 

cited on occurrence of Dcemonelix 27 

Benton formation, occurrence and charac^ter of 19, 42 

Big CottonwfKxi Creek, measurement of 53 

Birdcage Gap, formations exposed in, view of 32 

Gering formation at 30 

thickness of 29 

section at 36 

Black Hills, section from Pine Ridge to 46 

Blow out, view of 28 

Brule clay, Gering formation lying unoonformably on, 

view of 34 

occurrence and character of 18, 37-40 

unconformity between Gering formation and, sec- 
tion showing 31 

view of Arikaree formation on 26 

Arikaree and Gering formations and 32 

volcanic ash in 43 

water in 45 

Bmie formation, lens in, view of 42 

section showing relation of Arikaree formation to. 25, 26 

Gamp Clarke, discharge of North Platte River at 50 

Carboniferous formations, occurrence and charac- 
ter of 20-21 

water in 46 



Page. 

Castle Rock, formations at 32 

section at and near 36, 38 

vie w of 42 

Cedar Canyon, formations at 86 

section in 34, 36 

Chadron, boring at 47 

section at 40 

Chadron formation, occurrence and character of . . 18, 40-41 

Cheyenne County, sand hills in, view of 22 

Chimney Rock, formations exposed near 31-32 

Gering formation near, thickness of 29 

sections near 32,86 

view of 34 

Climate, discussion of 62 

Conglomerate at base of Ogalalla formation, view of. . 24 

In Arikaree formation 28-29 

sections showing 27, 28 

view of 24 

Cottonwood limestone, occurrence of 20 

Courthouse Rock, altitude of 12 

formations at 80 

Gering formation at, thickness of 29 

section at 36 

vie w of 12 

Daemonelix, occurrence of 25,27 

Dcemonelix beds in Arikaree formation, view of 28 

Dakota sandstone, occurrence and character of 19, 42 

water in 46 

Declivity of head of liquids, diagram illustrating 47 

Dinictis, occurrence of 30-31 

Ditches, lists of 55, 57, 5K-69, 61-62 

Dobson, Adna, notes by 69 

stream measurements by 62 

Dome, Gering formation at 86 

Dorrington, formations near 36 

sections near 27,36 

Drift, occurrence and character of 16 

East Ash Creek, measurement of .53 

Elevations, list of 63-66 

Erosion, wind, in Gering formation, plate showing. . . 16 

Fault in Gering formation, view of 30 

Fisher, C. A., aid by 9 

reference to 66 

Fort Robinson, rainfall at 62 

Fort Robinson ditch, measurement of 63 

Fort Sidney, rainfall at 62 

Freeport, Arikaree formation near, thickness of 27 

Funnel Rock, formations near 36 

section near 87 

Gering, Brule clay near 38-39 

Gering formation near, thickness of 29 

lens in Bnile formation near, view of 42 

rainfall at 62 

sections near 25, 28. 32, 33, 34 

well at 46 
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Qering fomiation, fault in, viewof 90 

occurreiice and character of 17-18, 2^-37 

relations of, section showing 30 

sections showing relations to associated forma- 
tions 86,88 

nnconfbrmity between Brule clay and 31 

▼lew of Arlkaree formation, Brule clay, and 32 

Brule.clay and 34 

water in 44 

wind erosion in, plate showing 16 

Qreenhom limestone, fossils of Niobrara chalk and, 

plate showing 46 

Hackberry Canyon. Arlkaree formation near, thick- 
ness of 27 

Harrisburg. Arlkaree formation near, thickness of 27 

boring at 45 

Hat Creek Basin, irrigation in 61-62 

irrigation ditches in, list of 61-62 

streams in 54 

topography of 13 

view over 18 

Hat Creek region, irrigation map of 66 

Hay Springs, rainfall at 62 

Head of liquids, diagram illustrating declivity of 47 

Hicks. L. E., stream measurement by 58 

Horseshoe Flat, section near 32 

Indian Creek, measurements of 53 

Inoceramus, occurrence of 42 

Inoceramus labiatus, plate showing 46 

Irrigation , extent of 64-62 

Irrigation map of North Platte Valley 54 

Jail Rock, Gering formation at 30 

views of 12,14 

Kimball, rainfall at 62 

Langs Point, Arlkaree formation near 27 

sections at and near 24 

Laramie formation, occurrence and character of 18, 41 

Larissa, conglomerate near, thickness of 29 

conglomerate near, view of 24 

formation at 34-36 

sections at and near 38 

Lawrence Fork, section in valley of 31 

springs in valley of 49 

Little Cottonwood Creek, measurement of 58 

Little Monroe Canyon, Dcemonelix beds in Arlkaree 

formation in, view of 28 

Lodgepole Creek, course and character of 52 

Lodgepole Valley, crops irrigated in 61^ 

irrigation in 59-61 

springs in 49 

topography of 12 

water in 44 

Loess, occurrence and character of 15-16 

Loveland, G. A., and Swezey, C. D.. cited on rainfall. 62 

Lucas, F. A., cited on Dinictis major 31 

Missouri region, Upper, map showing factors bearing 

on prospects of underground waters in 48 

Monroe Canyon, cliffs of Arlkaree formation near, 

view of 80 

Mortar beds. See Ogalalla formation. 

Nebraska, general geology of 14-21 

geologic formations in, table of 14 

map, geologic, of 18 

west oUone hundred and third meridian 20 

map, topographic, of 10 

sections of, west of one hundred and third merid- 
ian "20 
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Niobrara chalk, fossils of Greenhorn limestone and, 

plateshowing 46 

Niobrara formation, occurrence and character of 19, 42 

Niobrara River, course and character of 52-58 

irrigation ditches along, location and length of . . 57 
Niobrara River region, irrigation map of White River 

and Hat Creek regions and 56 

Niobrara Valley, irrigation in 56 

springs in 48 

topographyof 12 • 

North Platte River, discharge of 50 

section on 26 

tributaries of 51 

North Platte Valley, crops raised by irrigation in 66 

irrigation in 54-66 

irrigation canals in, location and length of 55 

irrigation map of 54 

springs in 48 

topography of 11-12 

Ogalalla formation, conglomerate at base of, view of. 24 

occurrence and character of 16-17, 23-25 

sections show^ing Arikaree formation and 24 

water in 44 

Omaha, map showing area of artesian flow at 50 

section from Rocky Mountains to 18 

Ostrea congesta, occurrence of 42 

plate showing 46 

Permian rocks, occurrence of 20 

Pierre clay, occurrence and character of 18, 41 

Pine. Rocky Mountain, size and distribution of 63 

Pine Ridge, Brule clay at 37, 38 

cliffs of Arikaree formation on, view of 80 

section from Black Hills to 46 

view of 18 

Pinus ponderosa, size and distribution of 63 

Pipy concretions in Arlkaree formation, view of 28 

Pumpkinseed Creek, course, character, and tributaries 

of 51 

Pumpkinseed Valley, irrigation in 56 

springs in 49 

topography of 12 

Rainfall, diagram showing 62 

Redington, conglomerate near, view of 24 

formations near 87 

Redington Gap, formations at and near 31 

Gering formation near, thickness of 29 

section at 86 

Rocky Mountain pine, size and distribution of 68 

Rocky Mountains, section from Omaha to 18 

Round Top. section from Adelia station to 39 

Rutland, fault in Gering formation near, view of 30 

Sand dunes, occurrence of 15,28 

Sand hills, occurrence and character of 18 

view of 22 

Scotts Bluff, altitude of 11,12 

badlands at foot of, view of 40 

Brule clay at 37 

Gering formation near 36 

section at 38 

views of 12, 88 

Sheep Mountain, section at 36 

Signal Butte, formation at 36 

section at 86 

Sioux County, section in southwest comer of 30 

Smokestack Rock, conglomerate at, thickness of 29 

views of 14,26 

Snake Creek, course and character of 52 
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Soldier Creek, measurement of 53 

Sowbelly Canyon, butte of Arikaree formation in, 

view of 26 

Spoon Bntte, section from Sturdivant ranch to 28 

Springs, characteristic features of, diagram showing. . 49 

occurrence and character of * 4JM9 

Squaw Creek, measurement of 53 

Streams, occurrence and character of 50-54 

Sturdivant ranch, section from Spoon Butte to 28 

Swezey, C. D,, and Loveland, O. A., cited on rainfall . . 62 

Table-land, topographic features of .* 10 

Tertiary grit. See Ogalalla formation. 

Titanotherium, occurrence of 41 

Tltanotherium robustum, view of 44 

Timber, amount and character of G2-43S 

distribution of, map showing 64 

Toadstool Park, view of 44 

Topography, features of 9-14 

Twin Sisters, formationsat and near 32-38 

view of 16 

Underground waters, general conditions governing . . 43-44 

horizons yielding 44-46 

in upper Missouri region, map showing factors 

bearing on prospects of 48 

map showing distribution of '. 46 

occurrence of deep-seated 45-48 

See cUw Artesian. 



Page. 
Upper Missouri region, map showing factors bearing 

on prospects of underground water in 48 

Volcanic ash, occurrence of 35, 42-43 

Wabaunsee formation, occurrence of 20 

Waters, deep-seated, occurrence of 45-48 

Waters, underground, general conditions governing. . 43-44 

horizons yielding 44-46 

in upper Missouri region, map showing factors 

bearing on prospects of 48 

map showing distribution of 46 

occurrence of deep-seated 46-48 

West Ash Creek, measurement of 53 

White Clay Creek, measurement of 53 

White River, course, character, and discharge of 53 

tributaries of 54 

White River Basin, irrigation In 57-59 

irrigation ditches in, list of 58-59 

topography of 12-13 

White River region, irrigation map of Niobrara River 

and Hot Creek regions and 56 

Wildcat Mountain, altitude of 11 

Arikaree formation at, thickness of 27 

section at 24 

Wilson, J. M., aid by 9 

Wind erosion in Gering formation, plate showing — 16 

Windmill, irrigation by means of 62 

Youngfelt, £. T. stream measurements by 52, 58, 55 
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LETTER OF TRANSMinAL 



Depaktment of the Interior, 

United States (Ieoixxik^ai. Survey, 

WaMnyt^ti, J). (\. May 26, 190S, 

Sir: I have the honor to transmit herewith a manuscript by Joseph Paxs.;.. 
Iddings entitled ''Chemical composition of igneous rocks expressed by means oT 
diagrams, with reference to rock classification on a quantitative chemico-mineral- 
ogical basis," and to recommend that it be published as a Professional Paper. 

The significance of a large number of chemical analyses of igneous rocks, 
with their many variable elements, each having a great range, is somewhat diffi- 
cult of comprehension to all geologists and petrographers who have not devoted 
nmch time to their study. Mr. Iddings presents a method of expressing the 
most significant factors in each analysis by a simple diagram, and by grouping 
these individual diagrams on a certain principle he has succeeded in representing 
the great variation in composition and the chemical relationships of almost the 
entire ran^e of igneous rocks in a way that is comprehensible at a glance. The 
facts thus brought out are discussed l)y him in their bearing on petrographic 
system. As a successful attempt at the elucidation of a complex problem tho 
paper is of importance to all students of igneous rocks. 

Very respectfully, 

Whitman Cross, 

(reologht hi Chnrge^ Secthm ((f l\drology. 
Hon. Charles 1). Walcott, 

Directi/i* United States Geohtgwal Survey. 



OHEMIOAL OOMPOSITION OF IGNEOUS BOOKS EXPEESSED BY MEANS 

OF DIAGEAMS, WITH EEFEEENGE TO EOOK CLASSIFICATION 

ON A QUANTITATIVE CHEMICO-MINEEALOGICAL BASIS. 



By Joseph Paxson Iddings. 



INTRODUCTION. 

The value of graphical methods for expressing relative quantities has been 
well established in all kinds of statistical exposition and discussion. Their use in 
conveying definite conceptions of relative quantities of chemical and mineral com- 
ponents of rocks is becoming more and more frequent, and the value of the 
results in some cases can not be overestimated. This is especially true when a 
series or group of rocks is being considered. The intricate variations in the 
amounts of numerous mineral components, or of chemical components, bafle most 
attempts to comprehend their interrelationships by simple contemplation or In^ 
study of the numbers in which they may be expressed. Many facts and relations 
are overlooked which are readily observed when diagrams are used to represent 
numerical figures. Moreover, visual memory is sufficiently developed in most 
persons to enable them to carry in mind simple geometrical forms, where it does 
not permit them to recollect manifold assemblages of oft-repeated numbers. 
Mental impressions of simple diagrams are, therefore, more definite and lasting 
and enable the student to store up a much greater amount of quantitative data 
than he could otherwise acquire. 

Evidence of the appreciation of this fact by petrographers is found in the 
increasing use of diagrams in petrographical literature, and a brief sketch of 
the growth and elaboration of graphical methods for presenting quantitative 
petrographical data will serve as an appropriate introduction to the subject in 
hand. From this notice will be excluded those diagrams which serve to connect 
the names of rocks in series after the manner of expressing genealogical relation- 
ships, in which diagrams the space relationships are not strictly quantitative. 
Such diagrams have been used by George H. Williams, H. O. Lang, and other 
petrographers. 
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IIISTORICAT^ REVIEW. 

Among the earliest diagrams employed to represent relative quantities of 
rock constituents are those used by Reyer in 1877.'* They are more or less 
generalized expressions, in one instance of the varying proportions of the chief 
oxide components in rocks and meteorites; in another of the varying amounts of 
the commoner rock-making minerals capable of being developed in rock magmas 
with different silica content. The diagrams used are rectangles subdivided hy curved 
lines corresponding to the variations mentioned. Other diagrams express the 
variations of different kinds of rocks with respect to silica; the relation lietween 
specific gravity, silica percentage, and texture of mineralogically similar rocks; 
and the relative abundance of rocks of different compositions and textures. 

Subsequently in hLs work, Theoretische Geologic,* he reproduces two of 
these diagrams and introduces othei's showing the proportions of chemical 
components in two series of minerals (feldspars and pyroxenes) and others 
showing the proportions of the chief minerals in three kinds of rocks. One 
diagram consists of adjacent, long, narrow rectangles, each divided into 
rectangular parts proportionate to the percentages of the oxide constituents in 
certain kinds of rocks, from granite to gabbro, and in five types of meteorites. 

Judd,^ in his book on Volcanoes, in 1881, makes use of a diagram to 
represent the varying amounts of chemical elements in rocks and meteorites. It 
is similar in fonn to one used by Reyer, already described. 

In 1890 the author'' constructed diagrams to exhibit the variation in chemical 
composition of rocks forming geologically related groups or series. In these 
diagrams the quantitative data represent specific analyses of different rocks in 
each series. The oxide constituents of each rock are i^eferred to rectangular 
coordinates, the silica being plotted as abscissas, and the other oxides — alumina, 
ferric and ferrous iron, magnesia, lime, soda, and potash — being plotted as 
ordinates. Straight lines connecting successive loci of any one oxide, as those of 
alumina, indicate the variations in the amount of each constituent in the rock 
series. This is the chief feature brought out by these diagrams, the range and 
character of the variations being shown. 

Similar diagrams have been used by Dakyns and Teall^ to illustrate the 
chemical variations in the plutonic rocks of Garabal Hills and Meall Braec. 



a Reyer, £., Beitrag zur Fysik der Eniptionen. Vienna, 1877. 

b Reyer, £., Theoretische Oeologie. Stuttgart, 1888. 

<• Judd, J. W., Volcanoes. New York, 1881, p. 322, flg. 88. 

biddings, J. P., The mineral composition and geological occurrence of certain igneous rocks in the Yellowstone 
National Park: Bull. Philos. Soc. Washington, vol. 11, January, 1890, pp. 207 and 211; also in Twelfth Ann. Rept U. 8. Gcol. 
Survey, 1892, pp. 629 and 649; Mon. U. 8. Geol. Survey, vol. 32, pt. 2, pp. 119 and 136; Origin of igneous rocks. Bull. Philos. 
Soc. Washington, vol. 12, June, 1892, and in Jour. Geol., vol. 1, 1893, p. 173. 

f Dakyns, J. R., and Teall, J. J. H., Quart. Jour. Geol. Soc. London, vol. 48, 1892, p. 116. 
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Scotland; by Washington to express the chemical variation in the volcanic rocks 
of JEtfrinsL and Methana, Grecian Archipelago,^ and in the rocks of Magnet Cove, 
Arkansas;* and by Cross ^ to show the chemical composition of the rocks of the 
Rosita Volcano, Coloi-ado. 

Harker^ has employed the same form of diagram, but has used atomic mtios 
of the chemicjil elements instead of the oxides, to show the variations in the rocks 
of Carrock Fell, England. Subsequently he modified it slightly by using percent- 
ages of the oxide components instead of their molecular proportions to discuss 
the possibility of distinguishing igneous rock series from mixed igneous rocks/ 

Loewinson-Lessing-^ has also made use of this method of exhibiting the 
variability of chemical composition in eruptive rocks, illustrating the great 
divergence in the composition of rocks classed under one name in the qualitative 
system and also the differences in composition of avemge magmas. 

In 1900 Pirsson ^ pointed out the possibility of relating the variations in the 
chemical composition of rocks of one geological body to their position in that 
body by introducing their space relations into this form of diagram. He accom- 
plished it by letting the abscissas represent distances in the rock body between 
the various rocks analyzed. By this modification of the diagram just descril>ed, 
he showed that the variations in chemical composition in such cases follow verj^ 
regular laws, and with one or two elements determined in a variety of the rock 
the remainder may be found by means of the diagram. 

Similar diagrams have since been used by Washington in discussing the 
differentiation in the rocks of Magnet Cove.'' 

Pirsson has also used a somewhat similar diagram to represent the variations 
in mineral composition of rocks of Yogo Peak, Little Belt Mountains, Montana.* 

In 1896 Becke-^ represented the chemical composition of. igneous rocks })y 
diagrams of two kinds, constructed in a manner different from that of those just 
described. The first is a modification of a three-coordinate diagi'am for three 
variables, whose sum is a constant, based upon an equilateral triangle. The 
three factors chosen are Ca, Na, K. The zero point of the coordinate axis is 
the center of the triangle. From this point three axes run to the corners of 
the triangle, one for each of the elements, Ca, Na, K. The spot within the 



"Washington, H. S., Jour. Geol., vol. 8, 1895, p. 160. 
b Washington, H. S., Bull. Geol. Soc. America, vol. 11, 1900, p. 404. 
Cross, W., Seventeenth Ann. Rept. U. S. Geol. Survey, pt. 2, 1896, p. 324. 
rfHarker, A., Quart. Jour. Geol. Soc. London, vol. 51, 1895, p. 146. 
« Barker, A., Jour. Geol.. vol. 8, 1900, pp. 389-399. 

/ Loewinson-Lessing, F., Compte rendu Congrt^s G^l. International, Seventh Hession.St. Petersbonfg, 1H99, Pis. I, II, 
and III. 

a PiMSon, L. V., Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, p. 569 et seq. 

A Washington, H. S., Bull. Geol. S<k?. America, vol. 11, 1900, p. 651. 

'Op. cit.,p. 568. 

iBecke, F.. Min. Pet. Mitth., vol. 16, 1897, p. 315-320. 
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triangle determined by the values of Ca, Na, K, in a given rock analysis is the 
locus of the analysis {Analyaen/yrt). The various positions of these spots indicate 
the relative amounts of the elements named in the rocks compared. The other 
chemical elements in the rocks are represented on a second diagram supposed to 
stand at right angles to the plane of the first. It is drawn with rectangular 

coordinates, the abcissas being proportional to the mtio 7^,— y- ^ , yr^ and the 

ordinates representing the values of Si, Al, Fe, Mg. Each of these elements is 
located by a spot in the diagram. 

In January, 1897, Michel L^v}'^" devised diagrams to exhibit certain chemico- 
mineralogical characters of igneous rocks, a single diagram representing an indi- 
vidual rock. The component oxides are first distributed into two groups, those 
that may combine with A1,0, to form feldspars and those that may not. All 
the Al^O, is set aside for feldspars, and to it is allotted K,0, Na,0, and 
sufiScient CaO to satisfy it. An excess of CaO is placed with iron and mag- 
nesia. Silica may be introduced into the diagram or omitted, and in a sub- 
sequent publication^ in the same year is expressed only in numbers stating the 
percentage. Rectangular coordinates are used and the values of the components 
are laid off on two axes intersecting at the zero point. Below this point is 
plotted the percentage of potash, and also that of iron oxide. To the right of 
the zero point is plotted the percentage of soda which may combine with alumina. 
In this direction, also, may be plotted the percentage of silica. Above the zero 
point is plotted the lime which ma}" combine with alumina, and also the percent- 
age of magnesia. If there is more lime than will satisfy the alumina remaining 
after potash and soda have been satisfied, this lime is plotted to the left of the 
zero point. Triangles are constructed by connecting the end of the potash line 
with that of the soda line, and the soda with feldspathic lime. Magnesia is con- 
nected with nonfeldspathic lime, and this with iron. Two triangles to the right 
of the y axis give an indication of the feldspathic constituents of the rock. The 
other two triangles to the left of the y axis represent the nonaluminous constit- 
uents. Modifications of the diagrams enter when there is an excess of alumina 
over alkalies and lime, and again when alumina is less than the alkalies. 

Michel L^vy in the publication last cited also employs diagrams showing 
curves of variation for the percentages of the chemical components when subdi- 
vided in the manner just described. 

These triangular diagrams have been used by Lacroix in describing the basic 
rocks accompanying the Iherzolites and ophites of the Pyrenees,* and also in his 



aL6vy, A. Michel, Bull. Serv. Carte g^l. France, vol. 9, No. 57. 1897, p. 38 and PU. VII, VIII. 

ft L6vy, A. Michel, Bull. Soc. g6ol. France, 8d series, vol. 25, 1897, Pis. X to XV. 

<■ Lacroix. A., Compte rendu Congrte G^ol. International, EiRhth session, Paris, 1901, Part II, pp. 834, 835. 
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work on the alkaline rockn of the petrographical province of Ampasindava, 
Madagascar.^ 

In May, 1897, BrOgger* presented a modification of the individual diagrams 
devised by Michel L^vy. This was done in illustrating the chemical composition 
ef the group of rocks associated with the laurdalite of the Christiania region. 
BrOgger's diagrams are composed of four coordinates in a plane intersecting in 
a common zero point. One is horizontal, another vei*tical, and the other two 
inclined, one 60^ to the right, the other 60"^ to the left of the vertical axis. On 
these axes are plotted the molecular proportions of the chief oxide components 
of a rock. On the upper vertical axis are plotted the molecules of CaO, on the 
lower vertical axis the Al,Oj. On the horizontal axis right and left is plotted 
the SiO,, half and half. On the upper right inclined axis is plotted MgO; on the 
upper left one, the FeO + Fe,Oj, indicated separately. On the lower right inclined 
axis is plotted K,0, and on the lower left one Na,0. The extremities of adjacent 
axes are connected by lines. These diagrams show at a glance the relative pro- 
portions of the molecules of the oxide constituents of each rock. The amount of 
CaO capable of being combined with Al^Oj, not combined with K,0 and Na,0, 
can be readily found by measuring the lengths of the several axes. The intro- 
duction of the silica and alumina adds to the instructiveness of this form of 
diagram. 

Diagrams of this type have l)een employed by Hobbs^ to express the aver- 
age composition of groups of rocks classed together under various divisions of 
the qualitative system in general use at the present time. In these diagrams the 
inclined axes stand at 45^ to the vertical axis. 

Hackman^ has made use of both the Becke and the BrOgger diagrams to 
express chemical relations among the rocks associated with ijolite in Kuusamo, 
Finland. 

Rosenbusch' uses narrow rectangular diagrams to express the relative propor- 
tions of the chemical elements {Metallatonie) in two series of 26 rocks; one, a 
foyaite-theralite series, the other a granitodiorite and gabbro-peridotite series. 

In February, 1898, the author^ in an essay on rock classification, and later 
in another essay, made use of diagrams exhibiting the variations of rock analyses 
with reference to percentage of silica and alkali-silica ratio. These are con- 
structed by using the silica percentages as abscissas, the zero point being to the 



« Lacroix, A., Nouy. Arch. Museum Hist. Nat., 4th series, I, Paris, 19Q2, p. 180 et seq. 

bfirdgger, W. C, Die Eraptivgesieine des Kristlaniagebictes. III. Videnskabsselskabets Schrifter. I. Math.-Naturv. 
Kl. 1897. No. 6. Christiania, 1896. 

oHobbs, W. H., Jour. Geol., vol. 8, 1900, pp. 1-31. 
d Hackman, V., Bull. Com. Geol. Finlande, vol. 11, Helsingfors, 1900. 
«Roeenbusch, H., Elemente der Gesteinslehre. Stuttgart, 1896. 
/IddingB, J. P., Jour. Geol., vol. 6. 1898, pp. 92-111, 219-237. 
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right of the diagram, and 100 to the left. The ordinates represent the ratios 
obtained by dividing the sum of the molecular proportions of the alkalies, Kfi 
and Na,0, by that of silica. The locus of each analysis is indicated by a round 
spot or by figures of other shapes. 

In the same year, 1898, Michel L^vy*' presented a new mode of coordination 
of diagrams to represent rock magmas, based in a measure on those just published 
by the author, to some features of which Michel L^vy took exception. These 
diagrams by Michel L^vy give the loci of rock analyses referred to two coordi- 
nates in the plane of drawing, and also to a third axis projected on the same plane. 
The abscissas (,/•) represent the silica percentages in the ''white components'' 
(elements blancs) of the rocks compared. The ordinatt\s (y) represent the sum 
of the percentages of K,0, Na^O, and the CaO which may enter feldspar com- 
bined with AljOj. The third coordinates (z) represent the percentages of MgO, 
FeO, FejOj, CaO, and SiO^ in the ferromagnesian components of the rocks. The 
loci of the analyses are fixed by the rectangular coordinates x and y. Their 
relation to the axis z is indicated by their position with reference to diagonal 
lines representing the projected traces of certain planes with an inclined plane 
through z. 

The usefulness of this diagram, which appears when the compositions of 
restricted groups of rocks are illustrated, is seriously impaired by repeated over- 
lapping when many kinds of rocks are taken into account. The method undertakes 
to distribute the analyses with respect to the relative abundance of the white 
(leucocratic) components — quartz and feldspathic minerals — ^and the dark (melano- 
cratic) ferromagnesian components in the first instance, and also with respect to 
the silica content of the leucocratic components. 

It is clear that rocks containing various amounts of nephelite, leucite, and 
anorthite molecules with closely similar percentages of silica will be mingled 
together in the same part of the diagram, and that rocks with preponderant 
ferromagnesian minerals, since they are plotted wholly on a basis of characters 
belonging to the subordinate feldspathic minerals, wnll be indiscriminately mingled 
in one portion of the diagram. 

In 1899 Loewinson-Lessing,* in his studies of eruptive rocks, an abstract of 
which was presented, without diagrams, to the International Geological Congress 
at St. Petersburg in 1897, makes ase of two fonns of diagrams, one after the 
method of the author, already alluded to, and another based on the method of 
relative rectangular areas used by Reyer. The diagram represents the various 
molecular proportions of the chemical components of a rock, or may represent 
the average of a group of rocks. It is a rectangular area divided by horizontal 



a L6vy, A. Michel, Bull. Soc. g6ol. France, 3d series, vol. 26, 1898, Pis. Ill to Vl. b Loc. cit. 
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lines into spaces whose vertical dimensions correspond to the proportions of SiO, 
ll,Oj, RO, and RjO in each case. These rectangles are subdivided by vertical 
lines into spaces whose horizontal dimensions correspond to the proportions of 
Al^O, and Fe,0, in RjO,, of FeO, CaO, and MgO in RO, and of K^O and Na,0 
in R,0. 

In 1900 Mugge^ devised a form of diagram to express the proportions of 
the chemical components of rocks, based upon some features of Michel Levy's 
and BrOgger's diagrams. Several modifications of the diagram were suggested 
by Miigge. It will be sufficient to describe the form used by him to illustrate 
the composition of a number of selected rocks. The relative quantities of the 
oxide components, expressed molecularly, are plotted on four coordinate axes in 
one plane intersecting in a zero point and making equal angles with one another. 
One is vertical, one horizontal, and two inclined at 45^. The silica is represented 
by an octagonal area, constructed by plotting one-eighth of the total silica plus 
and minus on each axis. The other components are plotted outside this area on 
particular axes by adding their values to the silica already plotted. KjO is 
plotted on the upper left inclined axis, Na,0 on the upper right one, MgO on 
the lower left inclined axis, CaO on the lower right one. FeO is plotted on the 
lower vertical axis, followed by FcjOj in the same direction. AljO, is divided 
into three parts, when sufficient, the first, equal molecularly to K,0, is plotted 
to the left on the horizontal axis. A second, equal to the Na,0 is plotted 
upward on the vertical axis, and the remainder of the Al^Oj is plotted to the 
right on the horizontal axis. When there is less Al^O, than K^O + Na,0, enough 
FcjOj is added to AlgO, upward on the vertical axis to equal Na^O. In this 
manner the relative amounts of potash* alumina molecules, soda-alumina molecules, 
and lime-alumina molecules are indicated. 

In 1900 and 1901 Osann* made use of several types of diagrams to illusti-atc 
chemical characteristics of igneous rocks in his essay on a chemical classification 
of igneous rocks. 

One is a triangular di|igram somewhat similar to that used by Becke, exhib- 
iting the distribution of analyses with respect to three coordinate axes making 
equal angles with one another. The three chemical factors of rocks employed in 
their comparison are chemico-mineralogical to some extent. One factor (A) con- 
sists of the sum of the percentages of K,0 and Na,0 which may be combined 
with AljO, in equal molecular amount. A second factor (C) represents the per- 
centage of CaO which may be combined with Al,Oj in equal molecular amount. 
The third factor (F) represents the sum of the percentages of the remaining CaO, 



a Mti^rge, O., Neues Jahrb. Min., Geol. und Pal., 1900, vol. 1, pp. 100-112, Pis. V-VII. 
fcOsann, A., Min. Pet. Mitth., vol. 19, 1900, Pis. IV-VIII, XXV; vol. M, 1901, Pis. Vm-XIV. 
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MgO, FeO. The sum of these is assumed to be a constant, and their relative 
proportions are determined on a basis of 20 units. With these three variables 
the position of a rock analysis within the equilateral triangle is located. 

A second form of diagram expresses the variation in silica and alkalinity in 
certain rocks by means of lines connecting loci of analyses referred to two rec- 
tangular coordinates, the abscissas corresponding to the alkalinity, and the ordi- 
nates to the silica percentage. Another diagram of the same type exhibits the 
variability of different kinds of rock with respect to the relative proportions of 
soda and potash. 

A third form of diagram is composed of narrow rectangles, whose lengths 
correspond to the range of variation in silica ratios for different kinds of rocks. 
The rectangles are placed by the side of one another, with their longer diameters 
adjusted to one ordinate representing values of silica ratios. 

In 1902 Keid« used an equilateral triangle whose sides are divided into 100 
parts, as a basis on which to plot the oxide components of igneous rocks. 

PURPOSE OF THE DIAGRAMS. 

A study of the various diagrams that have been employed by petrographers 
shows that their value depends upon the readiness with which their significance 
may be grasped and the use that is made of them. The first condition varies 
directly as the simplicity of the method of construction, both bs to geometrical 
form and as to the factors on which they are based. The simpler the form of the 
diagram and the more characteristic its shape, the more definite the visual 
impression and the stronger the hold on the mind. It is also self-evident that 
the simpler the factors entering into it the better. The quantitative values of 
single rock components are simpler conceptions than intricate ratios and functions 
involving several different rock components. Moreover, a diagram is comparatively 
worthless imless it can be made to convey some definite impression not otherwise 
obtainable, or obtainable only with difficulty. Its employment should have some 
specific object. It is hoped that the diagrams presented in this jmper will justify 
themselves and will produce certain definite impressions on the minds of petrogra- 
phers who may study them. 

The author's first purpose in constructing the accompanying diagrams is to 
express in the simplest graphical manner the chief chemical composition of all 
kinds of igneous rocks in a form that will permit the student to compare them 
at a glance and obtain a comprehensive view of the whole range of differences. 

The diagrams are intended to exhibit the manifold character of the variations 
of the chemical components of rocks, and their extent. They are to show the 



aReid, J. A., Bull. Dept. Geol. Univ. California, vul. a, 1902, p. 18. 
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gradual character of the variations; the transitions from rocks of one composition 
to those of another; and the distribution of the rocks throughout the range of 
their variations. 

They are to demonstrate the absence of clusters of analyses in definite parts 
of the whole system and the absence of "natural" subdivisions of rocks on a 
basis of chemical composition. 

They are to show the possibility of continuous series of rocks with diverse 
compositions, and to illustrate the chemical identity of rocks belonging to different 
genetic families. 

Finally the diagrams exhibit the character of the quantitative classification of 
igneous rocks proposed by Cross, Iddings, Pirsson, and Washington, the range 
of composition of the five classes, as well as of the orders, rangs, and subrangs. 

CONSTRUCTION OF THE DIAGRAMS. 

As will be seen by looking at thQ plates, the diagrams are combinations of 
two kinds already in use. They consist of assemblages of individual rock diagrams, 
which are modifications of those devised by Michel Levy and BrOgger, the indi- 
vidual diagrams being arranged in a multiple diagram previously used by the 
author. The first are used to exhibit the chief chemical components of each 
rock taken into consideration; the second, to arrange these in an orderly manner 
for comparison with one another. 

The small, individual diagrams are modified forms of those by BrOgger. They 
are planned to exhibit the relative amounts of the chief oxide components of 
igneous rocks, namely: SiO^, AljO,, FcjOj+FeO, MgO, CaO, Na^O, K,0, and 
also TiO,. Other components are usually so slight that they are negligible in 
diagrams of such small si^ale. Owing to the fact that the small diagrams are 
arranged in the large diagram according to the silica, it is not necessary for the 
purposes of this paper to introduce SiO, into the construction of the individual 
diagram. The relative amount of SiO, is expressed })y the position of tihe small 
diagram in the large one. This simplifies the small diagram. 

The chemical components of rocks may be compared with one another as 
oxides of metals or as metals. As oxides, the form in which they are expressed 
in chemical analyses of rocks, they may be compared by means of percentage 
weights or of molecular proportions. As metals they would be compared by 
molecular or atomic proportions. 

The use of oxides instead of metal elements is the more convenient method 
of comparison. It bears a more obvious and direct relation to the rock analysis 
and requires less effort to apply. It is as valuable in the discussion of chemico- 
mineralogical relationships as the use of metal elements. It has, therefore, been 
adopted in constructing these diagrams. 
14474— No. 18—03 2 
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The value of basing the comparisous upon molecular proportions instead of 
percentage weights rests upon the fact that the chemical equivalency of the com- 
ponents is molecular or atomic, and that in this form they may be readily con- 
verted into mineral molecules for purposes of discussion and rock classification. 

For purposes of comparison in diagrams of this type it is not necessary to 
reduce the original analysis to a sum of exactly 100. So far as the small indi- 
vidual diagrams are concerned the amount of change produced in the lengths of 
the lines would not be appreciable. Further, all elementary lines in one diagram 
would be affected in like proportion and the shape of the figure would remain 
unchanged, even could the alteration in the length of the lines be made visible. 
It would affect to a variable degree the position of the small diagrams within 
the large one in the direction of the silica abscissa, which will be discussed later. 

The small, individual diagrams are constructed to exhibit the molecular 
proportions of the component oxides: Al^O,, Fe,Oj+FeO, MgO, CaO, Na,0, K,0, 
and TiO,. These are derived directly from the rock analysis by dividing the 
percentage weight of each oxide by its molecular weight. There is no further 
reduction. They are used in the proportions in which they are found in the rock, 
the assumption being that equal weights of different rocks are being compared. 

Following Brdgger's method, the several values of these oxides are plotted 
on coordinate axes in one place, intersecting at a common zero point But the 
arrangement is different. For convenience in drawing on square-ruled paper 
the axes chosen are vertical, horizontal, and two at 45° to these. The simple, 
approximate relation between the sides and hypothenuse of a 45° triangle, namely, 
that when the hypothenuse is 10 units the sides are 7 units each (more exactly 
7.071) allows the values to be readily plotted by assuming the diagonal of each 
square of the ruled paper to be 5 and the side 3^. With larger diagi*ams and 
more exact requirements more accurate methods of plotting may be employed. 

Since the small diagrams are to be compared by means of the multiple one, 
the position of the Br5gger diagrams is inverted to conform more closely to the 
manner of constructing the large diagram. In the multiple diagram the more 
alkalic, and consequently more alkali-feldspathic, members of the series of rocks 
compared occur in the upper part; the less alkalic, and more ferromagnesian, in 
the lower part. So the alumina and alkalies are placed in the upper part of the 
individual diagrams, the iron and magnesia in the lower. The mode of ex)nstruc- 
tion is as follows: Al^Og is plotted upward on the vertical axis; K,0 upward to 
the left on one inclined axis; Na^O upward to the right on the other inclined 
axis; CaO is plotted downward on the vertical axis; MgO downward to the 
right; FeO+2Fe,05 downward to the left; and TiOj, when present in appreciable 
amount, is plotted to the left on the horizontal axis. The end of the Al^O, 
ordinate is connected by lines with the ends of the K^O and Na,0 ordinates, 
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producing two triangles having a common side — the Al^O, ordinate — and one 
angle the same in each — 45°. Consequently the areas of the two triangles are 
proportional to the lengths of the K^O and Na,0 ordlnates. The relative impres- 
sions produced by these two triangles, colored green and yellow in the diagrams, 
are quantitatively the same as the relations between the molecular proportions of 
KjO and Na^O in the rock. 

The end of the CaO ordinate is connected with the ends of the MgO and 
FeO+2Fe,05 ordinate, making two triangles, colored blue and red in the diagrams, 
whose areas bear the same proportion to one another as the ratio between the 
molecules of MgO and the iron converted to FeO. 

When TiOg is represented, the end of its ordinate is connected with that of 
the FeO ordinate. 

The FeO and FcjO, are combined chiefly for simplicity, and the Fe^O, is 
reduced to FeO because there is then a more uniform basis of comparison and a 
means of avoiding- the analytical defects or errors in the determination of the 
two oxides of iron. The combination prevents a proper conception of the 
possibilities of mineral molecular combination so far as the iron is concerned, 
but this is beyond the adaptability of the diagrams in a strict sense. 

It is evident that diagrams constructed on the molecular proportions of 
the oxide components of rocks may be easily converted into others, based on the 
proportions of the metal elements, by doubling the lengths of the three upper 
ordinates, AljOj, KjO, Na,0. The upper half of each diagram would be double 
its former size, while the angular shape of the whole would remain the same. 

The multiple diagram, by which the small individual ones are arranged for 
comparison and study, is constructed in the manner already described in the 
article on rock classification previously cited. It is intended to exhibit the dis- 
tribution or variation of igneous rock analyses with respect to the silica and 
alkalies. The reasons for choosing these two factors are: First, the important r61e 
played by silica, the most abundant chemical component, and that which is domi- 
nant in the development of quartz, orthoclase, albite, leucite, or nephelite, ortho- 
rhombic pyroxene or olivine; second, the equally important r61e played by the 
alkalies in conditioning the character of the feldspathic mineral components of 
rocks, which are the preponderant ones in the great majority of cases; third, 
the fact that the other chemical components — lime, magnesia, and iron oxide — 
sustain to a considerable extent a reciprocal relation to those just mentioned. 
The greater the silica the less the content in lime, magnesia, and iron oxide. 
The same is true in general for the alkalies and these oxides. 

One of the chief purposes of the diagram is to distribute the rocks in an 
orderly manner, so that unlike rocks shall be separated from one another as 
widely as possible and gi-adations between the extremes shall be made evident 
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The silica is made the abscissa because it is the greater component and has 
the widest range. It is plotted in percentage^ instead of molecular proportions 
because the process is simpler, and as it is not brought into immediate quantita- 
tive relations to the linear elements of the individual diagrams there is no occasion 
for its quantitative linear comparison with them. Moreover, the large diagram 
could not be constructed on the same scale of units as the individual diagrams. 
It is therefore simpler and more convenient to use the percentage of silica given 
in the analyses. 

The vertical ordinates represent the ratio between the sum of the molecular 

proportions of the alkalies (K,0 + Na,0) and of the silica - ^^^"t^^^l This 

ratio was selected because of the relation between the development of the alkali- 
feldspathic minerals in highly feldspathic rocks and the ratio between the alkalies 
and silica in their magmas; the more siliceous ones yielding more orthoclase or 
albite, the less siliceous ones more leucite or nephelite. It is not a definite 
relationship in rocks generally, and, as Michel L^vy has pointed out, the 
character of the diagram would not have been altered materially had the vertical 
ordinates been made to correspond directly to the sum of the alkalies. In this 
case the curved lines which represent the loci of pure quartz-albite-nephelitc 
rocks and quartz-orthoclase-leucite rocks would be straight lines instead of 
hyperbolas, as in the diagrams here used. There would be a slightly diflFerent 
vertical spacing of the analyses on individual diagrams. They would be spread 
more on the left side of the ordinate of 60 per cent SiO„ and condensed more 
on the right of it. The multiple diagrams would be more simply constructed. 
Otherwise the results would be alike. 

With diagrams constructed by using ratios between two or more rock 
components it matters not whether the analyses discussed by it are reduced to 
anhydrous compounds, or whether their summation is exactly 100. The ratio 
l>etween the alkalies and silica is not affected by readjusting the analysis. The 
ordinate of an analysis so located is not changed by readjusting the percentages 
in the analysis, but the abscissa would be affected by changing the silica 
f)ercentage. The position of an analysis would be shifted horizontally to the left 
or right according as the percentage of silica is raised or lowered. 

The zero point of each individual diagram is located in the multiple diagram 
by reference to the silica percentage and the alkali-silica ratio of the analysis 
it represents. In some instances several individual diagrams belong so close 
together that they would overlap, so as to prevent their shapes from being easily 
seen. One or more of them is moved to the nearast available space in the 
multiple diagram. From this it happens that the distribution of the analyses in 
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the large diagram is not strictly correct in the more crowded portions of it. 
A more exact representation of the distribution is given in another form of 
multiple diagrams on a smaller scale, in which round spots take the place of 
the individual diagrams. 

ROCK ANAIiYSES USED IN CONSTRUCTING DIAGRAMS. 

Having described the methods by which the diagrams are constructed, a 
more important matter to be considered is the data to be used — the rock analyses 
to be compared by them. 

Analyses have been selected from all sources available, but not all analyses. 
It is important that they be correctly made and from good material. These 
conditions, however, can not always be recognized or known without careful 
study of the publications in which the analyses appear, and not always then. 
The collection is not above criticism in this respect. However, care was exer- 
cised to omit obviously defective analyses, as well as those from plainly declared 
altered rocks, except in cases where the altered form may be assumed to corre- 
spond approximately to the fresh rock, with the addition of water of. hydration. 
For the strongly ferromagnesian rocks such analyses have been taken sometimes 
in default of better. 

The analyses represent as many varieties of igneous rocks as could be found, 
with as wide a range as possible. Many analyses closely similar to those intro- 
duced into the large diagrams have been omitted because there was not space 
for them. Consequently the diagrams do not show the proper proportions between 
the commoner and rarer varieties of rocks. This can be shown by plotting the 
loci of all acceptable analyses by means of spots in a multiple diagram of fairly 
large scale. This has been done in constructing the diagram on PI. VUI, which is 
composed of 2,000 analyses. 

It was thought unnecessary to reprint the analyses themselves, for the reason 
that nearly all of them will be found in the collection of rock analyses made by 
Dr. Henry S. Washington and published by the United States Geological Survey,** 
and a large part of them also in Bulletin of the United States Geological Survey 
No. 168. Many of them will be found in Rosenbusch's Elemente der Gesteinslehre. 
So that these collections should be used in connection with the diagrams. For this 
reason reference is given in many cases to these publications, and to others 
where numerous analyses are assembled, instead of to the original sources, as 
the more convenient method of finding them. 

A list of the analyses used in the diagrams is given. Their positions on 
the diagrams may be found by means of the silica percentage and alkali-silica 
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ratio, which are stated in each e«,se, besides the position given them when placed 
differently. 

They are classified according to the quantitative classification, and the author 
wishes to express his thanks to Dr. Washington for the labor he has bestowed 
on the comparison of the list with his collection and for the correction of errors 
that appeared in the list. He is indebted to him also for valuable additions to it. 

The list is far from complete, and petrographers may add to it and to the 
diagrams data which should have been included. But it seems as though enough 
has been introduced to ac<!omplish the purpose for which the diagrams were 
prepared. 

In order to shorten the references in the lists, a number of abbreviations 
are used which are given alphabetically. 

ABBREVIATIONS EMPLOYED IN BIBLIOGRAPHIC REFERENCES. 

A. G American Geologist. Minneapolis. 

A. J. S American Journal of Science. New Haven. 

A. W. B Sitzungsberichte der Konig. Preuss. Akad. der Wissenech. Berlin. 

A. W. W Sitzungsberichte der K. Akad. Wissensch. Wien. 

B. C. G. F Bulletin de la Commission g^ologique de Finlande. Ilelsingfors. 

B. G. S. A Bulletin of the Geological Society of America. Rochester. 

B. M. A Bergens Museums Aarbog. 

Bull. 168 Bulletin of the U. S. Geological Survey, No. 168. Washington, 1900. 

C. G. I Congr^ g^ologique International, Compte Rendu, VIII session. Paris. 

E. K Die Eruptivgesteine des Kristianiagebietes, W. C. Brc)gger. Christiania. I . 

1894; II, 1895; III, 1898. 
G. C Untersuchung einiger Geeteinssuiten gesammelt in Celebes, von P. and F. 

Sarasin. C. Schmidt, Wiesbaden, 1901. 

G. F. S. F Geol. Foren. i Stockholm Forhandl. 

I. R. A The igneous rocks of Arkansas: vol. 2 of Ann. Rept. Geol. Surv. Arkansas. 

J. G The Journal of Geology. Chicago. 

O. N Recherches g^ologiques et p^trographiques sur TOural du Nord, Dupan* 

et Pearce. Part I. Geneva, 1902. 
M. M Materiaux jwur la Min^ralogie de Madagascar, A. Lacroix. Nouvelles 

Archives du Mus^^um. 4th series, Vol. I. Paris, 1902. 

N. J Neues Jahrbuch f iir Mineralogie, Geologic, et*\ 

Q. J. G. S Quarterly Journal of the Geological Society of London. 

Rosenbusch, El Rosenbusch. Elemente der Gesteinslehre. Stuttgart, 1898. 

R. T Roth's tables of rock analyses. Beitrage zur Petrographie der Pluton- 

ischen Gesteine. Berlin. 

S. M. Q School of Mines Quarterly. New York. 

T. M. P. M Tschermak's Min. u. Petr. Mitth. Vienna. 

W. T Washington's tables of chemical analyses of igneous rocks from 1884 to 1900. 

Professional Paper U. S. Geological Survey, No. 14, Washington, 1903. 

Z. D. g. G Zeitschrift d. Deutschen geol. Gesellschaft. Berlin. 

Z. K IZeitschrift fur Krystallographie. 

Z. P. G Zeitschrift fiir Praktische Geologie. Berlin. • 

ForUeth Par U. S. GeoL Expl. Fortieth PtoalleL Washington. 
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CLASSIFIED LIST OF ANALYSES USED IN GONSTBXTGTINQ DIAQBAKS. 

CLASS I. PERSALANE. 

Order 3. Columbare. 

Rang 1. Alaskabb. 

SUBRANO 1. . 

(I. 3. 1, 1.) 



Silica 
con- 
tent. 


Alkali-silica 
ratio. 


Author's name. 


Locality. 


Reference. 


79.26 


0.057 


Porphyry 


Han Monntains 


R. T.,1861,7. 











SUBBANO 2. MAGDBBUBQOSE. 
(I. 3,1,2.) 




Quartz-porphyry 
PeMte-porphyry 

Granite 

RhyoUte 

Granite 



Blowing Rock, Watauga County, N. C 

Flchtelgebiige, Bavaria 

Crystal Falls district, Mich 

Silver Cliff, Colo 

Pikes Peak district, Colo 



Bull. 168, 52.— W. T. 
R. T., 1879, XX. 
Bull. 168, 66.— W. T. 
Bull. 168, 149.— W. T. 
Bull. 168, 142.— W. T. 



SUBBANG 8. ALABK06B. 

(1.8,1.8.) 



80.24 
79.57 
77.68 
77.68 
77.59 
77.33 
77.20 
77.06 
77.03 
77.02 
76.87 
76.73 
76.10 
75.84 
75.52 
74.70 
74.24 
73.11 



0.070 
.070 
.077 
.075 
.059 
.079 
.080 
.080 
.081 
.077 
.078 
.077 
.063 
.081 
.080 



(77.6) 
(.078) 



(76. a-. 
(77.1) 

(76.6) 



(76.7) 



.082 (73.0) 



Granite 

Rhyolite 

Granitite 

Quartz-porphyry 

Rhyolite , 

Alaskite 

Quartz-porphyry 

Aplite 

082)i Granitite 

Granite 

Aplite 

Aplitic granophyre. . 

Muscovite-granite 

Tordrillite 

Obsidian 

do 

Rhyolite 

Pitchjstone 



' 



Wexford, Ireland 

Montgomery County, N. C , 

Eldorado County, Cal 

Tryberg Fall, Black Forest , 

Haurakl Goldfield, New Zealand.. 

Tordrillo Mountains, Alaska 

Kroftkollen, Norway , 

Butte, Mont 

Pikes Peak district, Colo 

Platte Canyon, Colo 

Butte, Mont 

Hennum, Norway 

Omeo, Victoria 

Tordrillo Mountains, Alaska 

Obsidian Cliff, Yellowstone Park. 

do 

Plumas County, Cal 

Ro8ita,Colo 



R. T., 1861-2. 

Bull. 168, 68.— W. T. 

Bull. 168, 199.— W. T. 

N. J., 1883, II, 29.— W. T. 

Q. J. G. S., 1899, LV, 467.— W. T. 

Bull. 168, 228.— W. T. 

Z. K., XVI, 77.— W. T. 

Bull. 168, 118.— W. T. 

Bull. 168, 142.— W. T. 

Bull. 168, 164.— W. T. 

Bull. 168, 118.— W. T. 

Z. K., XVI, 77.— W. T. 

Trans. R. S. Vict.— W. T. 

Bull. 168, 229.— W. T. 

Bull. 168, 104.— W. T. 

Do. 
Bull. 168, 178.— W. T. 
Bull. 168. 150. -W. T. 



SUBBANO 4. 



83.08 
82.80 
76.00 
75.19 



0.064 
.049 
.067 
.076 (75.1) 



(I. 8,1,4.) 



Spherulitic rock 

Perlite 

Granite 

Rhyolite 



Wales 

Monte Menone 

Plumas County, Cal 

Madison Plateau, Yellowstone Park 



Teall. British Petrography, I 
R. T., 1869. XC. 
Bull. 168, 187.— W. T. 
Bull. 168, 106.— W. T. 
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Clasgifieil liM of analyties %i8ed in oorutructing diagrams — Continued. 

8UBRAN0 6. WB8TPHAL081. 

(1. 3. 1, 5.) 



Silica 
con- 
tent. 



Alkali-dlica 
ratio. 



83.57 0.0IS8 



HO. 42 
77.82 



.059 

.061 (.083) 



Author's name. 



I 



Quartz-keratophyre . . 

....do 

Granite 



Locality. 



Westptialia 

do 

Roddo, Sweden. 



Reference. 



N. J., 1893, VIII, 616.— W. T. 
N. J., 1893, VIII, 682.— W. T. 
W. T. 



Rang 2. Alsbachasb. 

SUBKANO 2. MlHALOBK. 
(I. 3, 2, 2.) 



73.15 
73.07 
72.68 
70.59 



0.055 
.074 
.064 
.057 



Rhyolite | Nagy-Mihaly, Hungary . 



.do. 
.do. 
.do. 



Washoe, Nev , 

Nagy-Mihaly, Hungary W 

do 



W.T. 

Bull. 168, 174.— W. T. 
T. 
Do. 



79.95 
77.84 
76.12 
75.89 
75.34 
75.21 
74.65 
74.41 
74.34 
73.62 
72.37 
72.15 
72.04 
72.01 
71.45 



0.049 
.069 
.059 

.069 (75. ^) 
.076 
.072 
.074 
.067 
.072 

.079 (73. T) 
.058 
.067 
.058 
.073 
.054 



78.75 
77.35 
74.65 
74.13 
73.08 
72.89 



0.052 
.052 
.064 
.077 

.080 (72.9) 
.056 



74.79 ' 0.067 



SUBRANO 3. TBHAMOBS. 
(I. 8,2.8.) 



' Felsite-porphyry . 

Aplite 

(rranitite 

RhyoUte 

do 

Oranitite 

Rhyolite 

Granite 

Rhyolite 

do 

Qranitite 

I do 

do 

Quartz-porphyry . 

Granitite 



Bohemia 

Kirnecbthal, Voflges 

Rie.sengebiige, Silesia 

Mount Sheridan, Yellowstone Park. . 
Elephants Back. Yellowstone Park 

Riesengebirge, Silesia 

Tehama County, Cal 

Riesengebirge, Silesia 

Butte district, Mont , 

Tehama County, Cal 

Riesengebirge, Silesia 

do 

do 

Eureka, Nev 

SykesvIUe. Md 



R. T., 1884, XVIII. 
Rosenbuschr El., 207. 
N. J., 1898, XII, 233.— W. T. 
Bull. 168, 106.— W. T. 

Do. 
N. J., 1898, XII, 233.— >V. T. 
Bull. 168, 178.— W. T. 
N. J., 1898, XII, 233.— W. T. 
Bull. 168, 119.— W. T. 
Bull. 168, 178.— W. T. 
N. J., 1898, XII, 232.— W. T. 

Do. 

Do. 
U. S. G. S., Mon. XX, 228. 
Bull. 168, 47.— W. T. 



SUBRAKO 4. ALBBACHOSE. 
(I. 8. 2, 4.) 



(iranite Storgord, Finland 

do Riesengebirge, Silesia 

Granitite , do 

AlKbachite | Melibocus, Odenwald 

Rhyolite ! Walhi, Haurakl, New Zealand . 

Granitite ' Riesengebirge, Silesia 



R. T., 1869, XL. 

N. J., 1898, Xn, 233.— W. T. 

. Do. 

Rosenbusch, El., 207.— W. T. 

Q. J. G. 8., 1899, LV, 467.— W. T. 

N. J., 1898, XII, 282.— W. T. 



SUBRA50 6. YUKONOSK. 
(I. 3. 2, ft.) 



Tonalite-aplite Yukon River, Alaska Bull. 168, 229.— W. T. 



ROOK ANALYSES USED IN OONSTRrOTING DIAOBAMS. 

Classified list of analyses used in constructing diagrams — Continued. 

Rang 3. Riesbnabe. 
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Sub RANG 2. — 

(I. 8,3.2.) 



Silica I 
t»on- I 
tent. I 



Alkali-flilioH 
ratio. 



72.11 0.041 



71.14 
66.86 



.062 



Author's name. 



••Schllere" in granite 

Towanite 

Granite-porphyry 



I>x»ality. 



Rlesengebirge, Sileria . 

Roeca Strada, Italy 

Nleder Modau, Hesse.. 



Reference. 



I 



N. J., 1898. Xn, 236.— W. T. 
J. G., V. 363.— W. T. 
W.T. 



SUBRANO 3. RIBBENOBK. 
(I. 8, 3, 3.) 



76.82 


0.037 


75.27 


.086 


75.21 


.048 


78.00 


.049 


72.92 


.040 


72.71 


.038 


69.04 


.047 



Granitite. 
Granite... 
Granitite . 
Toftranite. 
Granitite . 
....do.... 
....do.... 



Riesengebixge, Silesia . 

....do 

do 

Roeca Strada, Italy. . . . 
RiesengebiTge, Silesia . 

do 

do 



N. J., 1898, xn. 283.— W. T. 

Do. 

Do. 
J. G.. V, 863.— W. T. 
N. J.. 1898. XII. 232.— W. T. 

Do. 
N. J., 1898, XII, 284.— W. T. 



SlTBBANO 4. 

(I. 3,8.4.) 



76.13 0.065(76.2) 
72.81 ' .041 



Granite RiesenKcbirfirt*, Silesia . 

Granitite do 



N. J.. 1898. XII, 233.— W. T. 
N. J., 1898, XII, 232.— W. T. 



SUBBANG 5. VULCAKOBS. 
(I. 8, 3, 6.) 



72.24 
66.99 



0.062 
.061 



Qnartz-diorite - p o r - 
phyry. 

Vulcanite 



Calaveras County, Cal. 
Vulcano, Llpari 



Bull. 168, 203.- W. T. 

B. G. 8. A., V, 601.- W. T. 



Rang 4. — 

SUBRAKO 2. 

(1.3,4.2.) 



68.87 0.02H 



St'hUere" in granite Ricsengebirge, Silesia . 



N. J., 1898, XII, 235.— W. T. 
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Classed list of analyties used in constrtiding diagratJis — Continued. 
Sdbrang 6. Wbbtphalosx. 

(I. 3, 1, 5.) 



Silica 
con- 
tent. 



«3.57 
HO. 42 
77.32 



Alkali-siUca 
ratio. 



0.063 
.0^ 
.081 (.083) 



Author's name. 



Locality. 



Quartz-keratophyre . . Westphalia 

do ; do 

Granite , Roddo, Sweden. 



Reference. 



N. J., 1893, Vni, 616.— W. T. 
N. J., 1893, VIII, 682.— W. T. 
W. T. 



Rang 2. Ausbachasb. 

SUBRAN0 2. MlHALOBK. 
(I. 3, 2, 2.) 



73.15 
73.07 
?2.68 
70.59 



0.066 
.074 
.054 
.057 



Rhyolite. 

do... 

....do... 
do... 



Na^-Mihaly, Hungary . 

Washoe, Nev 

Nagy-Mihaly, Hungary. . 
....do 



W.T. 

Bull. 168, 174.— \V. T. 
W.T. 
Do. 



SUBBANO 3. TEHA1CO0B. 

(I. 3, 2, 8.) 



79.96 
77.34 
76.12 
75.89 
75.34 
75.21 
74.65 
74.41 
74.34 
73.62 
72.87 



0.049 
.069 
.069 



(75. .V) 



,070 

.072 

.074 

.067 

.072 

.079 (73." 

.058 



72.15 


.067 


72.04 


.068 


72.01 


.073 


71.45 


.054 



' Felsite-porphyry . 

Aplite 

Granitite 

Khyollte 

do 

Granitite 

Rhyolite 

Granite 

Rhyolite 

do 

Granitite 

do 

do 

I Quartz-porphyry . 

Granitite 



Bohemia 

Kirnechthal, VoHges 

Riesengebirge, Sileaia 

Mount Sheridan, YcUowBtone Park.. 
Elephants Back, Yellowstone Park . . 

Riesengebirge, Silesia 

Tehama County, Cal 

Riesengebirge, Silesia 

Butte district, Mont 

Tehama County, Cal 

Riesengebirge, Silesia 

do 

do 

Eureka, Nev 

SykesvlUe, Md 



R. T., 1884, XVm. 
Ro4<enbu$<ch, El., 207. 
N. J.. 189H. XII, 233.-W. T. 
Bull. 168, 105.— W. T. 

Do. 
N. J., 1898, XII. 283.— W. T. 
Bull. 168, 178.— W. T. 
N. J., 1898, XII, 233.— W. T. 
Bull. 168, 119.— W. T. 
Bull. 168, 178.— W. T. 
N. J., 1898, XII, 232.— W. T. 

Do. 

Do. 
n. S. Q. S., Men. XX, 228. 
Bull. 168, 47.— W. T. 



SUBRAMO 4. AL8BACH0BK. 
(I. 3. 2, 4.) 



I 



78.75 
77.85 
74.65 
74.18 
73.08 
72.89 



0.052 
.062 
.064 
.077 

.080 (72.9) 
.066 



Granite 

do , 

Granitite . . 
Al&bachite. 
Rhyolite... 
Granitite . . 



Storgord, Finland 

Riesengebirge, Silesia 

do 

Melibocus, Odenwald 

Waihi, Hauraki, New Zealand . 
Riesengebirge, Silesia 



R. T., 1869, XL. 

N. J., 1898, XII, 233.— W. T. 

, Do. 

Rosenbusch, EL, 207.— W. T. 

Q. J. G. S., 1899, LV, 467.— W. T. 

N. J., 1898, XII, 282.— W. T. 



74.79 ' 0.067 



SUBRANG 6. YUKONOSE. 
(I. 3, 2, 6.) 



Tonalite-aplite . 



Yukon River, Alaska Bull. 168, 229.— W. T, 



ROOK ANALYSES USED IN OONSTBUCTING DIAOBAMS. 
Clamfied lUt of analyses used in conMructing diagrams — Continued. 

RaNO 3. RlESBNABB. 



25 



Silica 
con- 
tent. 



72.11 
71.14 
66.86 



SUBRANG 2. 

(I. 3,3,2.) 



Alkall-AillcH 
ratio. 



Author's name. 



0.041 
.066 
.052 



"Schllere" in granite 

Toficanltc 

Granite-porphyry 



Ix)callty. 



Riesengebii^e, Silesia . 

Rocca Strada, Italy 

Nieder Modau, Heiee. . 



Reference. 



N. J., 1898. Xn, 236.— W. T. 

_ J. Q., V, 368.— W. T. 

' W.T. 



SUBRANO 3. RiESBNOflE. 

(I. 8, 3, 3.) 



76.82 


0.087 


75.27 


.086 


75.21 


.048 


78.00 


.049 


72.92 


.040 


72.71 


.088 


69.04 


.047 



Granltite Riesezi^bii!^, Silesia . 

Granite do 

Granltite 

ToHcanite 

Granltite 

do 

do 



....do 

Rocca Strada, Italy. . . . 
Rictsengebirge, Silesia . 

do 

do 



N. J., 1898, XII, 288.— W. T. 

Do. 

Do. 
J. Q.. V, 363.— W. T. 
N. J., 1H98, XII. 282.— W. T. 

Do. 
N. J., 1898, XII, 234.— W. T. 



76.13 ' 0.055(76.2) 
72.81 ; .041 



(iranlte... 
(tranltite . 



SVBBANO 4. 

(I. 3,3.4.) 



Ricsengebirge, SilCMia 

do 



N. J.. 1898. XII, 233.— W. T. 
N. J., 1K98. XII, 232.— W. T. 



72.24 



0.062 
.061 



SUBBANO 5. VULCAKOSX. 

(I. 3, 3, 5.) 



Quartz-diorite - p o r • Calaveras County, Cal . 
phyry. 

Vulcanite Vulcano, Lipari 



Bull. 168, 203.— W. T. 

B. Q. 8. A., V, 601.— W. T. 



68.87 0.028 



Rang 4. — 

SUBBAKO 2. 

(1.3,4,2.) 



Schlicre" In granite Riesengebirge, .Silesia . 



N. J., 1898, XII, 236.— W. T. 
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75.20 
76.07 
74.02 
74.24 
71.09 
70.91 



68.87 



CHEMICAL COMPOSITION OF IGNEOUS ROCKS. 
ClassifiM liM of analyses used in constructing diagrams — Continued. 

Order 4. Britannare. 
Rang 1. Liparabb. 

SXJBRANO 1. LEBACH08K. 
(I. 4. 1, 1.) 



Silica 
con- 
tent. 


Alkali-Bllica 
ratio. 


Author's name. 


Locality. 


Reference. 


69.06 


0.117 (69.3) 
.107 


Quarti-orthoclaidte. . . 
Quarts-porphyry 


Thdringerwald, Pnueda 


W. T. 


68. IS 


HummcIbeiKi PnuHla 


Do. 









0.096 
.064 
.096 
.089 
.112 
.121 
.115 
.084 



SUBBANG 2. OMSOBX. 

(L 4. 1. 2.) 



Rhyolite SUver Cliff, Colo ! Bull. 168, 149.— W. T. 



do Pine Nut Canyon, Nev 

do I Humboldt Sink Group, Ney. 

Rapakiwi I Livland, Finland 

Aplite Satteljoch, PredaMo, Tyrol . 



Graphic granite . 

Pitchfltone 

Granite 



Omeo, Victoria. 

Ponxa, Italy 

Omeo, Victoria. 



Fortieth Par., I, 662. 

DO. 
R. T., 1878, X. 
K. A. W. W., CXI, I, 266. 
Trans. R. 8. Vict.— W. T. 
R. T., 1879, LII. 
Trans. R. 8. Vict— W. T. 



SUBBAKO 8. LiPABOeX. 

(I. 4, 1, 8.) 



77.61 
76.49 
76.38 
76.30 
76.20 
76. Of) 
75.71 
75.44 
75.44 
75.30 
75.17 
74.90 
74,87 
74.76 
74.45 
74.05 
73.93 
73.69 
73.51 
73.36 
73.09 
73.03 
72.88 
72.48 
72.35 
72.26 
72.06 



.092 

.092 

.088 

.091 

.092 

.094 (75.6) 

.094 

.089 

.082 

.065 

.094 

.084 

.096 

.090 

.096 

.100 

.100 

.094 (78.4) 

.106 

.085 

.104 

.093 

.099 

.098 

.101 

.107 



Granite 

Paisanite 

Graphic granite . 



Cape Ann, Mass... 

Magnolia, Mass 

Hochland 



Alaskite Alaska . 



Obsidian 

Aplitic granophyre. . 

RhyoUte 

Comendite 

Rhyolite 

do 

Gnmitlte 

RhyoUte 

Granite 

Comendite 

Rhyolite 

Obsidian 

Granite 

Granite-porphyry 

Granltite 

Paisanite 

Granite-porphyry 

Syenite-porphyry 

Aplite-granite 

Granite 

do 

.....do 

.....do 



•W. T. 



Obsidian Hill, N. Mez 

Konerud wege, Norway 

Great Paint Pots. Yellow^tone Park. 

IskaganBay, Siberia 

Fish Creek Mountains, Nev 

Rimini, Mont 

Pikes Peak district, Colo 

Castle Mountain district, Mont | Bull. 168, 129.— W. T. 

Brookvllle, Md Bull. 168, 46.— W. T 

Comende, San Pietro, Sardinia I RofienbUBCh, El., 257.— W. T. 



J. G. VI, 79S.— W. T. 
J. G. VII, 113.-W. T. 
R. T., 1869, XLII. 
Bull. 168, 228.— W. T. 
Bull. 168, 172.— W. T. 
Z. K., XVI. 77.— W. T. 
Bull. 168, 105.— W. T. 
A. J. S., XII, 1902, 180.- 
Fortleth Par., I, 652. 
Bull. 168, 119.— W. T. 
Bull. 168, 142.— W. T. 



Chalk Mountain, Ck)lo 

Mono Craters, Cal 

Quincy, Mass 

Mount Ascutney. Vt 

Pikes Peak district, Colo 

Mosques Canyon, Tex 

Albany, N.H 

Mount Ascutney, Vt 

Castle Mountain district, Mont . 

do 

Ironton, Mo 

Albany, N. H '... 

Stony Creek. Conn 



Bull. 168, 156.— W. T. 
Bull. 168, 219.— W. T. 
J. G., VI, 793.— W. T. 
Bull. 168, 25.— W. T. 
Bull. 168, 142.— W. T. 
T. M. P. M., XV, 439.— W. T. 
A. J. 8., XX, 1881, 25. 
Bull. 168, 24.— W. T. 
Bull. 168, 129.— W. T. 

Do. 
Bull. 168, 60.— W. T. 

A. J. S., XXI. 1881, 25. 

B. Q. 8. A, X, 876.— W. T. 
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71.88 
71.67 
71.56 
71.49 
71.07 
70.92 

70.23 
70.09 
70.01 
69.91 
69.89 
68.96 
68.71 
68.66 

68.34 
66.40 



Cla»nfied list of ancUysea umd in constructing diagrams — Continued. 
SuBRANQ 3. LIPAR08R— Continued. 



Silica 
con- 
tent. ! 



Alkali^lica 
ratio. 



71.90 I .102 



.096 
.101 
.086 
.109 
.087 
.096(70.7) 

.113 
.092 
.113 
.119 
.098 
.144 
.114 
.110(68.5) 

.129 

.097 (66.7) 



Author's name. 



Granltite 

Porphyry 

Quartz-porphyry 

Pitch8tone 

Quartz-porphyry 

Granite-porphyry ... 
Rhyolite 

Keratophyre 

Orthoclaae-porphyry 

Obsidian 

iEgirite-granite 

Rhyolite 

Grorudite 

Quartz-pan tellerlte . 

Granite -.syenite- por- 
phyry. 

Quartz-syenite 

Quartz - syenite - por^ 
phyry. 



Locality. 



Mount Ascutney. Vt 

Iron ton, Mo • 

Castle Mountain district, Mont 

Silver Cliff, Colo 

Gislenid, Norway 

Albany, N.H 

Upper Geyssr Basin, Yellowstone 

Marblehead Neck, Mass 

Comon, Tyrol 

Palmerola, Italy 

Mlask, Ural Mountains 

Nathrop, Colo 

W. Aker, Norway 

Vieja Mountains, San Carlos, Tex. . . 
Little Rocky Mountains, Mont 

Bearpaw Mountains, Mont 

Fjelebua, Norway 



Reference. 



Bull. 168. 24.— W. T. 
Bull. 168, 60.— W. T. 
Bull. 168, 129.— W. T. 
Bull. 168, 150.— W. T. 
Z. K., XVI,46.— W.T. 
A. J. S., XXI, 1881. 26. 
Bull. 168. 104.— W. T. 

Bull. 168, 34.— W. T. 

R. T., 1879, XXVin. 

R. T., 1879, UI. 

A. J. 8., Xm, 1902, 180.— W. T. 

Bull. 168, 164.— W. T. 

E. K., 1, 199.— W. T. 

Bull. 168, 61.— W. T. 

Bull. 168, 134.— W. T. 

Bull. 68, 135.- W. T. 
Z. K., XVI, 46.— W. T. 



75.92 
73.61 
73.50 

72.56 
72.46 
71.66 



0.093 (75. 8-. 094) Granltite 
.089 Rhyolite 

.096(73.8) 



SUBBAN0 4. KALLKBUD08K. 
(I. 4, 1, 4.) 



.099(72.8) 

.095 

.119 



Quartz -bearing bos- 
tonlte. 

Rhyolitlc pitchstone . 

Rhyolite 

Soda granite 



Pikes Peak district. Colo 


Bull. 168, 142.— W. T. 


Oyacachi. South America 


R. T.. 1879. LIV. 


Ampangarinana, Madagascar 

Castle Mountain district. Mont 

Guomani, Ecuador, South America.. 
Hougnatten, Norway 


M. M.. 66. 

Bull. 168, 129.-W. T. 
R. T.. 1879. LIV. 
E, K., I, 198.— W. T. 







77.66 

75.78 



75.46 



SUBKAKG 6. NOYAN006B. 
(L4.1.5.) 



0.087 (77. 9-. 086) 
.091 

.097 



Quartz-keratophyre . 
Granite 

Soda-rhyolite 



Omeo. Victoria Rosenbusch, El., 260.— W. T. 

Rice Point, Duluth, Minn 21«t Ann. Rept., Surv. Minn,, 41.- 

, W. T. 

Berkeley, Cal Rosenbusch, El., 260.— W. T. 

\ 



69.19 



Rang 2. Toscanasb. 

SUBRANO 2. DBLLKKOBE. 

(I. 4, 2, 2.) 




Granite.. 
Dellenite 
Toscanite 
do... 



Tryberg Fall, Schwarzwald 

Dellen, Helsingland, Sweden ... 

Monte Cucco, Italy 

Tolfa. Italy 



N. J., 1883, n. 
E. K.. II, 59.— W. T. 
J. G., V, 862.— W. T. 
Do. 
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damfied lid of analyses used in ccfiMrurihig diagrams — Continued. 

SUB&AHO 8. ToflCAKOU. 

a. 4. 2. 3.) 



SUica AlkaU-dllca 



76.48 

76.03 

76.00 

76. »7 

76.74 

75.08 

75.01 

74.95 

74.60 

74.49 

74.87 

73.84 

78.70 

78.64 

78.61 

78.88 

78.12 

72.57 

72.40 

71.86 

71.79 I 

71.78 

71.58 

71.12 

71.08 

70.87 

70.76 

70.66 

70.54 

70.45 

70.29 

60.96 

69.96 

69.94 

69.68 

69.52 

69.45 



68.60 
68.58 
68.55 
68.42 
68.40 
68.36 
67.45 
67.44 

67.12 
67.04 

66.60 



-.068) 



0.087 
.061 
.067 
.079 (76.1-.07H) 
.086 

.084 (75.0) 
.086 (75.1 
.068 
.081 

.068 (74.6) 
.066 
.068 
.092 
.068 
.097 
.060 
.067 
.090 
.066 

.067 (72.0) 
.062 (71.7) 
.065 
.070 
.096 

.064 (71.0) 
.092 
.060 

.105 (70.7) 
.107 
.064 
.101 
.089 

.098 (70.1) 
.092 , 

.067 
.108 
.097 
.100 

.077 

.107 (68.7) 

.100 

.095 

.063 (68.2) 

.112 (68.2) 

.105 

.064 

.104 

.082 
.107 

.111 



Author'a naine. 



Lociaity. 



Apllte 

do 

Granodiorite-aplite . 

Aplite 

Granite 

Obsidian 

Alaskite 

RhyoUte 

do 

do 

Granltlte 

Rhyolite-perlite.... 

Granite 

RhyoUte 

Obddian 

Granite 

Quartz-porphyrj' ... 

Granite 

RhyoUte 

do 

Granitite 

Granite 

Granitite 

RhyoUte 

Granodiorite 

RhyoUte 

Granite 

Rhyolite 

.figirite-granite 

Granite 

RhyoUte 

Dacite 

Quartz-porphyry . . . 

Granite 

Granite-porphyry . . 

Trachyte 

Rhyolo-trachy te 



Reference. 



Quartz- syenite - p o r - 
Phyry. 

Granite , 

Granite-porphyry .... 

Granite 

do 

Quartz-monzonite ... 

Granite , 

Nordmarkite 

Granodiorite 

Granite-syenite- p o r- 
phyry. 

Granite 

Quartz - syenite • p o r - 
phyry. 

Akerite 



Dai^o. Victoria 

Sierra County, Cal 

Downieville area, ('>al 

Hierra County, (^ 

Ller, Norway 

Ijaguna de Maricunga, Chile 

Alaska 

Montezuma Mountains, Nev 

Shasta County, Cal 

Thomas Range. Utah 

Crazy Mountains, Mont 

Midway Baidn, Yellowstone Park — 

Peterhead, Scotland 

Lassen trail, Tehama County. Cal — 

Modoc County, Cal 

Lake Raslangen, Sweden 

Little Belt Mountains, Mont 

Guilford, Md 

Mount Stover, Cal 

Tower Creek, Yellowstone Park 

Woodstock, Md 

(}ottonwood (Canyon, Utah 

Rlesengebirge, SUeaia 

Ponza, Italy 

ElCapitan, Yosemite, C^al 

Pennsylvania Hill, Silver Cliff, Colo. 

Amador County, Cal 

Ponza, Italy 

Ldken, Norway 

DorseysRun, Md 

Harlequin Canyon, Nev 

Washoe, Nev 

Butte district, Mont 

Ironton, Mo 

Little Belt Mountains, Mont 

Pikes Peak district, Colo 

Sunset Peak, Mont 

Squam Light, Mass ' 



Trans. R. 8. Vict.— W. T. 
Bull. 168, 192.— W. T. 
J. G., VII. 160.— W. T. 
Bull. 168. 192.— W. T. 
Z. K., XVI, 77.— W.T. 
Z. D. J., G. LI, 4. 
Bull. 168, 228.— W. T. 
Fortieth Par., I, 652. 
Bull. 168, 178,— W. T. 
Bull. 168, 168.— W. T. 
Bull. 168,120.— W.T. 
BuU. 168,108.— W.T. 
R. T., 1884, XIV. 
Bull. 168,178.— W.T. 
BuU. 168,217.— W.T. 
W.T. 

Bull. 168,125.— W.T. 
Bull. 168,46.— W.T. 
Bull. 168,178.— W.T. 
Bull. 168,104.— W.T. 
Bull. 168,46.— W.T. 
Fortieth Par., 1, 110. 
N. J., 1896, Xn, 232.— W.T. 
R. T.. 1879, LII. 
Bull. 168,207.— W.T. 
BuU. 168,149.— W.T. 
BuU. 168,200.--W.T. 

Z. K., XVI,57.— W.T. 
Bull. 168,47.— W.T. 
Fortieth Par., I, 662. 
BuU. 168,174.— W.T. 
Bull. 168,119.— W.T. 
Bull. 168,60.— W.T. 
Bull. 168, 125.— W. T. 
Bull. 168, 145.— W. T. 
Bull. 168, 106.— W. T. 
J. G., VII, 109.— W. T. 



Eureka. Nev ' U. S. G. S., Mon. XX, 228. 

Little Belt Mountains, Mont Bull. 168, 125.— W. T. 

West Humboldt Mountains, Nev Fortieth Par., 1, 110. 



Shap, England 

Hailey, Idaho 

Millstone Point, Conn 

Gloucester, Mass 

Eldorado (Canyon, Cal 

Little Belt Mountains, Mont . 



Boulder, Mont 

LitUe Belt Mountains, Mont . 

Gloucester, Mass 



Q. J. G. 8., 47, 276 
Bull. 168. 187.— W. T. 
B. G. 8. A., X, 875.— W. T. 
J. G., VI, 800.— W. T. 
Bull. 168, 199.— W. T. 
Bull. 168, 127.— W. T. 

BuU. 168, 118,— W. T. 
BuU. 168, 127.— W. T. 

J. G.. VI, 796.— W. T. 



BOOK AKALTSES USED IN OONBTBUOTINa DIAOBAX8. 
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Clcusified list of analyses used in constructing diagrams — Continued. 
SuBRANO 8. ToscANOflB— Continued. 



Silica 
con- 
tent. 



Alkall-Ailiea 
ratio. 



Author's name. 



Locality. 



Reference. 



66.12 


.123 (66.8) 


65.68 


.094 


66.32 


.096 


65.05 


.092 


64.76 


.094 


64.64 


.114 (64.5) 


64.62 


.118 


64.57 


.095 


64.49 


.108 


62.88 


.110 



Trachyte Wlcher Mountain, Colo Bull. 168, 145.— W. T. 

do Monte Amlata, Italy ' RoHenbusch, El., 269.— W. T. 

do do Do. 

Toflcanlte do J. G., V, 362.— W. T. 

Trachyte .• do Roeeubusch, El., 269.— W. T. 

Syenite Little Belt Mountains, Mont Bull. 168, 125.— W. T. 

Diorite Mount Ascutney, Vt ' Bull. 168, 25.— W.T. 

Toflcanite Bracciano, Italy J.G.,V,362.— W. T. 

Porphyrite Crazy MountaiuH, Mont Bull. 168, 120.— W. T. 

Latite Clover Meadow. Tuolumne County, Bull.168,205.— W. T. 

CaI. 




76.50 
78.27 
78.00 
72.59 
7L74 
71.19 
70.36 
69.93 
69.66 
69.66 
69.51 
69.00 
68.72 
68.65 
68.32 
68.10 
67.89 
67.55 
67.49 

67.49 
67.42 
67.01 
66.46 
66.30 
66.28 
65. H7 
65.78 
65.64 
64.98 
62.58 



0.063 
.077 
.076 
.088 
.076 
.073 
.062 
.109 
.084 
.076 
.083 
.126 

.064 (68.8) 
.084 
.086 
.068 
.068 

.087 (67.2) 
.086 (67.6) 

.112 

.116 

.120 

.104 

.098 

.094 (66.5) 

.099 

.121 

.108 

.109 

.109 



Rhyolite 
Granite 

do 
Obsidian 
Granitite 

Quartz-porphyrito i 

Granodiorite 

Granite-porphyry — 

Dacite 

do ^ 

do 

Quartz-lindoite 

Dacite 

Quartx-monzonite 

Dacite 

do 

Andesite 

Pitchstone 

Dacite 



SUBRANG 4. LaSSENOSB. 
(I. 4,2,4.) 

Obsidian Cliff, Yellowstone Park . . . . 

Florence, Mass 

Rocklin,Cal 

Willow Park, Yellowstone Park 

Riesengebirge, Silesia 

Calaveras County, Cal 

Enterprise, Butte County, Cal 

Crazy Mountains, Mont 

Lassen Peak, Cal 

Colombia, South America 

Lassen Peak, Cal 

W. Aker, Norway 

Lasiten Peak, Cal 

Sierra County, Cal 

Lessen Peak, Cal 

Shasta County, Cal 

Buntingrille, Cal 

Butte district, Mont 

Sepulchre Mountain, Yellowstone 



I 



Mica-dacite ' 

Augite-soda-granite . . 
Alasklte-porphyry — 

Dacite \ 

Dacite-porphyry j 

Porphyrite | 

Feldspar-porphyry . . . ' 

Mica-andesite • 

Andeaite-porphyry . . . , 

Oligoclasite ; 

Syenite-porphyry 



Park. 

Silver Cliff, Colo 

Kekequablc Lake, Minn 

Alaska 

Roflita, Colo 

Shasta County, CaI 

Crazy Mountains, Mont 

Castle Mountain district, Mont. 
San Mateo Mountain, N. Mez.. 
Gray Peak, Yellowstone I*ark.. 

Preston, Norway 

Yogo Peak, Mont 



Bull. 168, 104.— W.T. 

Bull. 168, 30.— W.T. 

Bun.168,198.— W.T. 
' Bull. 168, 104.— W.T. 
[ N.J., 1898, XII, 282.— W.T. 

Bull. 168, 20S.—W. T. 
i Bull. 168, 190.— W.T. 
I Bull. 168, 120.— W.T. 
[ ForUethPar.,1,652. 
' J. G., 1, 171.— W.T. 
, Bull. 168, 179.— W.T. 

E.K..I,196.— W.T. 

Bull. 168, 180.— W.T. 

Bull. 168, 192.— W.T. 

Bull. 168, 179.— W.T. 

Bull. 168, 180.— W.T. 

Bull. 168, 181.— W.T. 

Bull. 168, 119.— W.T. 

Bull. 168, 91 .—W.T. 

Bull. 168, 149.— W. T. 

A. G., XI, 385.— W. T. 
Bull. 168, 228.— W. T. 
Bull. 168, 149.— W. T. 
Bull. 168, 177.— W. T. 
Bull. 168, 120.— W. T. 
Bull. 168, 130.— W. T. 
Bull. 168, 170.— W. T. 
Bull. 168, 107.— W. T. 

B. M. A., 1898, VII, 47.— W. T. 
Bull. 168, 127.— W. T. 



SUBRANO 6. MABIPOB08X. 

(I. 4, 2, 5.) 



74.21 

67.88 



0.100 
.084 (67.8) 



Soda-granite . 
Granite , 



Mariposa County, Cal 

Cavaura River, British Guiana. 



Bull. 168, 207.- 
W. T. 



-W. T. 
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68.41 
68.10 
68.12 
67.30 
66.94 
66.65 

66.65 
65.71 
65.66 

65.68 
65.60 
64.85 
64.61 
64.52 
64.48 
64.27 

64.24 
63.81 
63.42 

63.30 
62.91 
62.85 
61.42 



Clarified Ust of cuuUyses uaed in canMructing diagrams — Continued. 

RaN(} 3. COLORADASB. 

Sl'BRANU 3. AMIATOflS. 

(I. 4,3.3.) 



Alkali-dlica 
ratio. 




Author's name. 



Locality. 



Reference. 



Granite Lower Elsam, Voi^ch.. 

Trachyte , Monte Aniiate, Italy . . 

Qnarte-porphyrite | Mount Carbon. Colo. . . 

Andetii te-perlite Kureka, Nev 

Daclte Pergamon, Asia Minor 

Andesite , Kara Ta8h. A^ia Minor 



. RosenbUflcb, El., 78. 

. Rosenbuach, El., 269.— W. T. 

. Bull. 168, 160.— W. T. 

.^ r. 8. G. S., Mon. XX, 264.— W. T. 

. A. J. 8.. Ill, 1897, 45.— W. T. 

. A. J. 8., Ill, 1897. 45.— W. T. 



SuBaANo 4. YiLLOWfrroNoes. 
(L 4.3,4.) 



0.064 
.065 
.078 
.075 
.070 
.082 

.074 
.065 
.072 

.060 

.086 (65.7) 

.084 

.068 

.060 

.076 (64.7) 

.061 

.07b (64.1) 

.079 

.096 

.087 
.094 
.085 
.078 



Dacitc 

Diorite 

Andesite 

Dacite 

Andesite 

Quartz-diorite- 
porphyry. 

Granodiorite 

Banatite 

Dacite 



Colombia, South America . . . 

Ono, Cal 

8haf)ta County, Cal 

Colombia, South America . . . 

Sierra County, Cal 

do 



Andesite ! 

Quartz-mica-diorite ..^ 

do 

Andesite 

do 

do 

do 



Dacite-porphyry 

Dacite 

Quartz-diorlte- 
porphyry. 

Andesite 

Granitite 

(?) Porphyrite-diorite 

Porphyrite 



Nevada City, Cal 

Banat, Hungary 

Sepulchre Mountain. Yellowstone 
Park. 

Fan Creek, Yellowstone Park 

Electric Peak, Yellowstone Park 

....do 

Creiicent Hill, Yellowstone Park 

Mount Shairta. Cal 

....do 



Sepulchre Mountain, Yellowstone 
Park. 

Shaffta County, Cal 

Mill Creek, Shaste Count}-, Cal 

Crandall Basin, Wyo 



Mount Rose, Washoe. Nev . 

Dorseys Run, Md 

Mount Marcellina, Colo 

Storm Ridge, Colo 



J. G., 1, 171.— W. T. 
Bull. 168, 177.— W. T. 
Bull. 168, 183.— W. T. 
J. G., 1, 171.— W. T. 
Bull. 168, 193.- W. T. 
Bull. 168, 192.— W. T. 

Bull. 168. 194.— W. T. 
Rosenbtisch, EL, 140. 
Bull. 168. 91. -W. T. 

Bull. 168, 107.— W. T. 
Bull. 168, 88.— W. T. 

Do. 
Bull. 168, 108.— W. T. 
Bull. 168, 176.— W. T. 

Do. 
Bull. 168» 91.— W. T. 

Bull. 168, 177.— W. T. 
Bull. 168, 180.— W. T. 
Bull. 168, 94.— W. T. 

Fortieth Par. I, 604. 
Bull. 168, 47.— W. T. 
Bull. 168, 160.— W. T. 
Do. 



SUBRANti 5. AMADOROSE. 

(I. 4, 3, 5.) 



69.66 
69.34 



65.81 



0.074 
.066 



Quartz-diorite-aplitc - 
Granite 



Amador County, Cal .. 
Saganaga Lake, Minn. 



Bull. 168, 201.— W. T. 

21st Ann. Rept. Geol. Surv. Minn.. 
4S.— W. T. 



Rang 4. 

SUBBANO 3. 

(L4,4,3.) 



0.047 



Granite. 



Hochwald, Vosges. 



Rosenbusch, Steiger Schiefer 
(Strassburg, 1877), 167. 
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Clcusified lid of analyaes used in constructing diagrams — Continued. 

Order 5. Canadare. 
Rang 1. Nordmarkasb. 

StTBBANO S. PHLKOROSK. 

a. 5. 1. 3-) 



Silica 
con- 
tent. 



66.18 
66.03 
65.43 
64.88 
M.04 
63.71 
62.80 
61.92 
61.88 
61.62 
61.45 
61.05 
60.33 
60.13 
60.02 
59.79 
59.70 
68.75 
57.18 



Alkali-flillca 
ratio. 



0.190 
.132(65.9) 
.131 
.128 
.160 
.159 
.142 
.151 
.176 

.170 (61.2) 
.148 (61.3) 
.166 
.193 
.165 
.147 
.186 
.164 
.176 
.171 



Author's name. 



Quartz-syenite 

Trachyte 

Syenite 

Syenite-porphyry — 

Nordmarkite 

Pulaskite 

Bostonite 

Pula«kite 

Trachyte 

....do 

....do 

SolvBbergite 

Trachyte 

Nephelite-syenite 

I Syenlte-keratophyre . 

Trachyte .* 

Nephelite-syenite 

Umptckite 

Trachyte 



Locality. 



F^elebua, Norway 

Game Ridge, Custer County, Colo 
Mount Ascutney, Vt. 

do 

Tonsenaa, Norway.. 
Salem Neck, Mass . . 

Gran, Norway 

Lokob6, Madagascar. 
Maiecocco, Italy . . 
Monte Rotaro, Italy. 

Maros, Celebes 

Coney Island, Mass. 
Monte Nuovo, Italy 
Fourche Mountain, Ark 

Harz Mountains 

Monte Nuovo, Italy 
Fourche Mountain, Ark, 
Cabo Frio, Bnudl 
Hlghwood Mountains, Mont 



Reference. 



Z. K., XVI, 46.— W, T. 

Bull. 168, 147.— W. T. 

Bull. 168, 24.— W. T. 

Bull. 168, 26.— W. T. 

Z. K., XVI. 54,— W. T. 

J. G., VI, 806.— W. T. 

E. K., Ill, 204.— W. T. 

M. M., 204. 

A. J. S., VIII, 1899, 289.— \V. T. 

Do. 
G. C, 16. 

J. G., VII, 118.— W. T. 
A. J. 8., Vni, 1899, 287.— W. T. 
J. G., IX, 610.— W. T. 
R. T., 1884, XXII. 
A. J. 8., VIII, 1899, 287.— W. T. 
I. R. A., 88.— W. T. 
T. M. P. M., XX, 248.— W. T. 
Bull. 168, 131.— W. T. 



SUBBANG 4. NORDMABKOBB. 
(I. 5. 1, 4.) 



66.50 
66.22 

66.06 
65.51 
65.43 
64.92 
64.54 
M.33 
63.76 
63.20 
63.09 
62.17 
61.67 
61.54 
61.08 
60.39 
60.11 
60. «> 
59.62 
59.81 



0.162 
.149 (66.4) 

.151 
.143 

.140 (65.1) 
.146 
.157 
.151 

.161 (63.4) 
.161 

.164 (63.6) 
.156 
* .169 
.180 
.185 
.184 

.161 (59.9) 
.157 (60.3) 
.173 
.174 



Leatiwarlte I 

Quartz - syenite - por- ! 
phyry. 

Liiiarite [ 

Phonolitic andesitc . . , 

Nordmarkite | 

Quartz-sol vsbergite. . . 

Pulaskite 

Acmite-trachy te ' 

Syenite 

Nordmarkite 

Pulaskite 

Acmite-trachy te 

Keratophyre 

Phonolite 

do 

Litchfleldite 

Bostonlte 

Tlnguaite , 

Nephelite-syenite . 

Foyaite 



Kvella, Norway 

Bearpaw Mountains, Mont. 



E. K., III. 216.— W. T. 
Bull. 168, 135.— W. T. 



Hohenburg, near fionn, I*ruMsia R. T. 

San Mateo Mountains, N. Mcx Bull. 

ShefTord Mountain, Quebec J. G. 

Gran, Norway E. K 

Lovasbucht, Norway E. K. 

Crazy Mountains, Mont Bull. 

Ahvenvaara, Finland B. C. 

Tonsenas, Norway Z. K, 

Salem Neck, MasH J. G., 

('razy Mountains, Mont Bull. 

Harz Mountains R. T. 

Zlttau, Saxony R. T. 

Black Hills, S. Dak A.J. 

Litchfield, Me Bull. 

Hedrum, Norway E. K, 

Gales Point, Mans J. G., 

Saline County, Ark I. R. 

Great Haste Island, Mam J. G., 



, 1884, XLVIII. 
168, 170.— W. T. 
, XI, 271. 
.. I, 78.— W. T. 
, III, 198.— W. T. 
168, 123.— W. T. 
O. F., 11, 34.— W. T. 
,, XVI, 54.— W. T. 
, VI, 806.— W. T. 
168. 128.— W. T. 
. 1884, XXII. 

1861, 28. 
S., XLVn, 1894, 844.— W. T. 
168, 21.— W. T. 
, III, 204.— W. T. 
VII, 481.— W. T. 
A., 185.— W. T. 
VII, 481.— W. T. 
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Silica 
con- 
tent 



65.54 
82.64 
61.87 
61.55 
60.89 
60.20 
60.08 
69.51 
59.28 
57.16 
66.45 
55.62 



CUutified lift of ai\aly$e» tMed in constructing dicigram* — Continued. 

Sl'BRANG 5. TroLl'MNOeE. 
(1.5,1.6.) 




Author's name. 



Locality. 



0.186 
.119 
.146 
.141 
.181 
.165 
.154 
.168 
.149 
.149 
.176 
.146 



65.41 
64.80 
64.68 
68.49 
61.47 
61.43 
61.05 
60.98 
60.72 
60.45 
60.24 
59.96 
59.38 
56.94 
58.88 
58.82 
57.59 
57.44 



1.189 

.125 

.182 

.188 

.120 

.188 

.147 

.142 (69.9) 

.142 

.168 

.170 

.165 

.125 

.109 

.141 

.155 

.189 

.157 



Albitlte Tuolumne County, Cal 

do I Konwinsky, Ural Mountains. 



Reference. 



Bull. 168, 201— W. T. 
O. N., 169. 



Rang 2. Pilabkabb. 

SDBRANO 2. VrLfllN'OBK. 
(I. 5. 2, 2.) 




Leucite-trachyte(7> ..I RoccaMonfina, Italy... 

Vnlfllnlte i Bolaena Monfina, Italy. 

....do Vetrella, Italy 

Leucite-trachTte ' San Rocco, Italy 



J.G..V, 870-W.T. 
J. G., V, 358.— W. T. 

Do. 
J. G., V, 870.— W. T. 



SUBRAMO 3. PULABXOBX. 

(I. 5,2,3.) 



QnartE-fyenite 

Andeaite(T) 

Trachyte 

do 

Qnartz-banakite 

Polaaklte 

do 

Leucite-trachy te . . . 
Nephelite-syenlte . . 
Trachy-dolerite — 

Sodallte-flyenite 

BoBtonite 



Highwood Mountainfl, Mont 

Pikes Peak district, Colo ......... 

lachla. Italy 

....do i R.T., 1878, XXXVI. 

Ishawooa Canyon. Wyo Bull. 168, 102.— W. T. 

Fourche Mountain, Ark J. 0. , IX, 609.— W. T. 



W. T. 

Bull. 168, 145.— W. T. 

E. T., 1873, XXXVni. 



....do 

Vlterbo, Italy . 



I.R,A.,88.— W.T. 
J.Q.,V,S70.— W.T. 



Fourche Mountain. Ark I. R. A., 88.— W. T. 



Maros, Celebes* 

Square Butte, Mont . 
Gentungen, Celebes. 



Q.C.,14. 

Bull. 168, 184.— W.T. 

G.C.,20. 



SVBRANO 4. LArBYIKOflE. 
(I. 5.2.4.) 



Trachyte 
Domite 
Quarts^yenite 
Andesite 
...do 
do 

Trachyte | 

Aug! te-porphy rite — 
Rhombenporphyry . . . 

Nordmarkite 

Augite-andesite 

Pulaskite 

Tonsbergite 

Andesite 

Laurvikite 

Rhombenporphyry. . . 

do 

Pulaskite 



Game Ridge, Custer County, 

Puy de Dome, France 

Fourche Mountain, Ark... 

Custer County, Colo 

Pantellaria, Italy 

do 

Ischia, Italy 

Henry Mountains, Utah... 

Nottero, Norway 

Anerod , Norway 

Pantellaria 

Shefford Mountain, Quebec 

Tdnsbcrg, Norway 

Silver Cliff, Colo 

Laurvik, Norway 

Tiinsberg, Norway 

Nottero, Norway 

Mount Johnson, Quebec . 



Colo 



Bull. 168, 147.— W.T. 
R.T.,1869,CXVIII. 
I. R. A., 96.— W.T. 
Bull. 168, 148.— W.T. 
Z.K., VIII, 156. 
Z.K.,Vni, 164. 
R.T.,1878, XXXVm. 
Bull. 168, 167.—W. T. 
Z.K.,XVI,85.— W.T. 
Z.K.,X\a,54.— W.T. 
Z.K.,Vin,166. 
J. G., XI, 271. 
E.K.,III,375.— W.T. 
Bull. 168, 148,— W.T. 
Z. K., XVI, 80.— W. T. 
Z. K., XVI, 35.— W. T. 

Do. 
J. G., XI, 271. 
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Classified list of analyses used in constructing diagrams — Continued. 
SuBBAKO 4. LAUBYiKROAit— Continued. 



Silica 
con- 
tent. 



57.33 
57.12 
56.85 
56.25 
56.19 
54.00 



Alkali-ailica 
ratio. 



.163 (57.1) 

.138 

.144 

.165 (55.9) 

.156 

.162 



I 



Author's name. 



Locality. 



I Rhombenporphyry... 

Laurvikite 

do 

Micromonzonite 

' Tcphritic trachyte 

i Rhombenporphyry... 



Ndtter5, Norway 

Fredriksvam, Norway 

Nottero, Norway 

Ambodimadlro, Madagascar . 
Golumbretcs Islands, Spain . . 
Bnimunthal, Norway 



Reference. 



Z. K., XVI. 85.— W. T. 
Z. K., XVI, 30.— W. T. 

Do. 
M. M.. 204. 

T. M. P. M., XVI, 314. -W. T. 
Z. K., XVI. 28.— W. T. 



62.90 
60.13 



0.186 
.164 



59.33 0.135 (59.5) 



SUBRANO 5. 



(I. 5, 2. 5.) 



Dioritc 

Keratophyre. 



Jablanica, Herzegovina. 
New Haven, Conn 



59.26 0.139 



Rang 3. — 

SUBRANO 2. 



(I. 6, 3, 2.) 



W. T. 

A. J. 8., Ill, 1897, 291.— W. T. 



Augite-syenite Maiaruni district, British Guiana . . . 



W.T. 



SUBRANO 3. 

(T. 5, 3, 3.) 



Andesite Table Mountain. Colo Bull. 168, 141.— W. T. 



SUBRANG 4. 

(I. 5,3,4.) 



58.28 0.112 



Diabase-porphyrite. . . Crazy Mountains, Mont . 



Bull. 168, 121.— W. T. 



Rang 4. Labradorase. 

SUBRANO 8. LaBRADOROSE. 
(I. 5, 4, 3.) 



55.01 
54.62 
54.45 
53.53 
53.43 
53.42 
52.61 
49.78 
47.25 



47.32 
46.24 
45.78 



0.066 
.098 
.122 

.090 (53.6) 
.099 
.096 
.092 
.091 
.056 



0.048 (47.4) 
.044 
.036 



Anorthosite 

..do 

..do 

..do 

..do 

..do 

..do 

..do 

..do 



Anorthosite . 

do 

do 



Turtschinka, Wolynien, Russia 

New York State 

Rawdon, Canada 

Pdkoia, Finland 

Labrador, Canada 

Ogne, Norway 

Ekersund, Norway 

Carlton Peak, Minn 

Beaver Bay, Lake Superior 



W.T. 

N.J., 1893,VITI,494. 

Do. 
W.T. 

N. J., 1898, VIII. 494.— W. T. 
B. M. A., 1896, V, 96.— W. T. 
B. M. A., 1896, V, 79.— W. T. 
Am. Geol., XXVI, 281.— W. T. 
U. S.Q. 8.,M<m.V, 438. 



Rang 5. Canadase. 

(L5,6.) 



South Sherbrooke, Ontario . 

Seine River, Canada 

Monhegan Isle, Me 



Am. Qeol., XXIV, 280.— W. T. 

J. G., IV, 909.— W. T. 

Am. Geol., XXVI, 340.— W. T. 



14474— No. 18—03- 
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CUutified list of analyses used in constructing diagrams — Continued. 
Rang 4. . 

SUIUUJ70 3. . 

(II. 3,4,3.) 



SUica 
con- 
tent. 


Alkali-silica 
ratio. 


Author's name. 


Locality. 


Reference. 


66.88 


0.020 


Quartz-dlorite 


Little Falls, Minn ' R. T., 1879, XXX VL 



Order 4. Austrare. 
Rang 1. Pantbllerabs. 

SUBBANG 3. GBOBUDOeS. 

(U. 4. 1, 8.) 



70.15 
69.61 
69.02 
68.88 
66.60 
61.88 



0.109 
.129 
.121 
.187 
.123 
.102 (62.2) 



Grorudlte ... 
Pantellerite . 

.....do 

....do 

Grorudlte ... 
Porphyrite .. 



Groflsletten, Norway . 

Pantellaria 

do 

do 

Graaletten, Norway . 
BtLpplingen, MagdebuiK, Prussia. 



E. K.. 1, 199.— W. T. 
Z. K., VIII, 173.— W. T. 
Z. K., VIII, 182.— W. T. 
Z. K., VIII, 170.— W. T. 
E. K., I, 199.— W. T. 
W. T. 



SUBBAMO 4. PANTBLLBBOeX. 
(IL 4, 1, 4.) 



71.86 
67.89 
67.48 
67.18 



0.U6 
.116 
.181 
.122 



Grorudite ... 
Pantellerite . 

do 

do 



Kallerud, Norway., 

Pantellaria 

.....do 

.....do 



E. K., 1, 199.— W. T. 
Z. K., VIII, 186.— W. T. 

Do. 

Do. 



Rang 2. Dacabb. 

subbakg 3. adamxll08x. 

(II. 4,2,3.) 



66.57 


0.103 
.105 
.090 
.104 
.095 (59.5) 


Granite-porphyry .... 
Quarts-micardlorite . . 
Syenite 


Klrche Wang, Silesia 


Rosenbusch EI 195 


63.97 


Crandall Basin, Wyo 


Bull. 168 M — W T 


62.51 


Relchenstein, Silesia . 


N J 1890 I 206. W T 


61.98 


Granitite 

Trachyte-andesite 


TAveiine, V^igw . , 


Rosenbusch EI 7A 


59.24 


Highwwjd MounUins, Mont 


Bull. 168, 131.-W.T. 


SUBBAMO 4. DaOOBX. 
(H. 4.2,4.) 


65.50 


0.107 

.096 
.101 
.102 
.068 


Andesite 


Sepulchre Mountain, Yellowstone 
Crazy Mountains, Mont 


Bull. 168, 91.— W.T. 

Bull. 168, 120.— W. T. 
.1. G., I, 171.— W. T. 
Bull. 168, 108.— W. T. 
R. T 1879 XXXIV 


64.47 


Granitite 


68.50 


Dacite 


Chiles, Colombia, South America .... 

Tower Creek. Yellowstone Park 

Sauk Center, Minn 


61.56 


Andesite 


56.50 


Quartz-diorite 









V ,', 



o->i 
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Classified list of cmcUyses used in constructing diagrams — Continued. 

SUBB1.K6 5. M1.RIXTPOLO6B. 
(I. 6, 1, 6.) 



Silica 
con- 
tent. 


AlkaU-dllca 
zatlo. 


Author's name. 


Locality. 


Reference. 


00.29 


0.197 (60.6) 


Mariupollte 


Nikolajew, Russia 


T. M. P. M.. XXI 244.— W T 










Rang 2. Vibzzknase. 






SUBB1.NQ 8. . 






(I. 6. 2. 8.) 




68.76 


0.207 (58.6) 


NepheUte-tiuffuaite.. 


Magnet Coye, Ark 


I. R. A., 266.— W. T. 




SUBBANO 4. VimZBNOeB. 






(I. 6. 2. 4.) 




66.04 


0.201 


Nephllte-rhomben- 
porphyry. 

Andesite 


Vasvik tunnel. Norway , 


Z. K., XVI. 88.-W. T. 


66.40 


.184 
.176 
.197 
.186 


Paima, B<diy ' 


R. T., 1879, LXVI. 

Bull. 168, 89.-W. T. 

N. J., B. B., Ill, 271.-W. T. 

Rosenbuflch El 216— W T 


64.68 


Nephelite-syenite .... 
do 

TlniniAite 


Biookvllle, N. J 


64.61 
64.46 


Oaldas de Monchique, Portugal 

TTmptflk. Kola. Finland 






1 






Order 7. Tasmanare. 






Rano 1. Lauqenasb. 






SUBBANO 4. LaUOBNOSB. 








(I. 7. 1, 4.) 




66.60 


0.248 


Foyaite 


Brathagen, Norway 


E. K.. Ill 176.— W. T. 










CLASS II. DOSALANE. 






Order 3. Hispanare. 






Rang 1. Vahinqasb. 






Subrano 3. Vabingosb. 






(II. 3. 1, 8.) 




74.85 


0.092 
.128 




VaringskoUen, Norway 


Z. K., XVI, 66.— W. T. 


70.30 


Pantellerite 


Pantellarla 


Z. K- VIII 178 — W. T. 












Bubbanq 4. . 






(H. 8. 1. 4.) 




72.12 


0.070 


PeWte 


Cudgegong River, New South Wales, 


W.T. 
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CUunfied list of analyses used in constructing diagrams — Continued. 
Rang 4. . 



SVBBANO 3. 



(n. 3. 4. 3.) 



SUica 
con- 
tent. 


Alkali-dlica 
ratio. 


Author's name. 


locality. 


Reference. 


66.88 


0.020 


Quartz-dlorite 


Little FallB, Minn ' R. T.. 1879, XXXVI. 



Order 4. Austrare. 

Rang 1. Pantbllkbass. 
subbano 8. gsobudosb. 

(H. 4. 1, 8.) 



70.15 
69.61 
69.02 
68.88 
66.60 
fil.88 



0.109 
.129 
.121 
.187 
.128 
.102 (62.2) 



Groradite . . 
Pantellerlte 

do 

do 

Groradite .. 
Porphyrlte . 



Gniflsletten, Norway . 

Pantellaria 

do 

do 

Graasletten, Norway . 

Bflpplingen, Ma^eburg, Prunia. 



E. K., 1, 199.— W. T. 
Z. K., VIII, 178.— W. T, 
Z. K., VTII, 182.-W. T. 
Z. K., VIII, 170.— W. T. 
E. K., 1, 199.— W. T. 
W.T. 



SUBBANG 4. PaNTBLLBBOSB. 
(II. 4, 1, 4.) 



71.86 
67.89 
67.48 
67.18 



0.116 
.116 
.181 
.122 



Groradite ... 
Pantellerite . 

....do 

....do 



Kallenid, Norway 

Pantellaria 

do 

do 



E. K., 1, 199.— W. T. 
Z. K., VIII, 186.— W. T. 

Do. 

Do. 



66.67 
68.97 
62.61 
61.98 
59.24 



0.103 
.105 
.090 
.104 
.096 (59.5) 



Rang 2. Dacasb. 

SUBBANO 3. ADAXELLOflB. 
(II. 4,2,8.) 



Granite-porphyry 

Quartx-micardiorite . . 
Syenite 



Klrche Wang, Silesia 

Crandall Basin, Wyo 

Reichenstein, Silesia 

Granitlte [ Laveline, Vosges 

Trachyte-andesite i Highwood Mountains, Mont. 



Rosenbusch, £1., 195. 
Bull. 168, 94. -W. T. 
N. J.. 1890, 1, 206.— W. T. 
Rosenbusch, El., 78. 
Bull. 168, 131.— W. T. 



BUBBANO 4. DAOOSB. 

(II. 4, 2, 4.) 



65.60 



0.107 



64.47 


.098 


68.50 


.101 


61.66 


.102 


66.59 


.068 



Andesite 

Granitite 

Dacite 

Andesite 

Quartz-diorite 



Sepulchre Mountain, Yellowstone 
Park. 

Crazy Mountains, Mont 

Chiles, Colombia, South America . . . 

Tower Creek, Yellowstone Park 

Sauk Center, Minn 



Bull. 168,91.— W.T. 

Bull. 168,120.— W.T. 
J. G., 1, 171.— W, T. 
BuU. 168, 108.— W. T. 
R. T., 1879, XXXIV. 



BOCK ANALYSES USED IN 00N8TBUCTINO DIAGRAMS. 

Classified list of analyses used m constructing diagrams — Continued. 

Rang 3. Tonalabe. 

SVBR^NO 8. HABZOBB. 
(II. 4,3,3.) 
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Silica 
con- 
tent. 


Alkali-silica 
ratio. 


Author's name. 


Locality. 


Reference. 


64 34 


0.081 
.080 

.069 (63.2) 
.068 
.078 

.090 (60.7) 
.090 
.094 
.063 

.064 (58.1; 
.076 


Granite 


Butte, Mont 1 Bull. 168,117.— W. T. 

Oraas Valley, Cal 1 Rnil ifi» iq4 w t 


68.86 


Qranodiorite 


63.06 


"Schliere" in granite. 
Syenite 


Riesengebirge, Silesia 


N. J., 1898, XII, 236.— W. T. 


61 73 


Hodrltch, Hungary 


R. T. 1869 LX 


61.64 
60 68 


Qnartz-monzonite 

Andesite 


Red Rock Creek, Butte, Mont 

Mount Pagos, Asia Minor 

Tintic district, Utah 


Bull. 168, 118.-W. T. 

A. J 8. Ill 1897 4S W T 


60 17 


Latite 


Bull. 168, 166.-W.T. 
Do. 


59 76 


Monzonite 


do 


67.80 

67.69 
67.26 


Quartz-pyroxene-dio- 
rite. 

Mica-diorite 

Quartz-mica-diorite .. 


Sonora, Tuolumne County, Cal 

Gippeland, Victoria 

Sierra County, Cal 


Bull. 168,204.— W.T. 

E. K., II, 87.— W. T. 
Bull. 168, 192.— W. T. 











SUBBANO 4. TONALOSE. 
(U. 4,3,4.) 



66.91 
65.83 
66.39 
66.11 
64.81 
64.12 
64.07 
68.56 
63.47 

63.28 
63.16 
63.03 
62.71 
62.65 

62.62 
62.44 
62.09 

61.68 
61.40 
61.22 
61.17 
61.16 
61.09 
61.04 
60.93 
60.30 

60.20 
60.05 
60.04 
60.02 



0.066 
.080 
.061 
.0h3 
.073 

.077 (.076) 
.083 
.064 
.076 

.077 
.089 
.070 
.084 
.096 

.070 
.071 
.070 

.074 (61.8) 

.048 

.069 (61.4) 

.077 

.098 

.070 

.090 

.073 

.086 (60.4) 

.068 
.079 

.078 (60.3) 
.074 (59.8) 



Tonalite 

Granite 

Dacite 

Quart2-mica-diorlte .. 

Porphyrlte 

Quarts-norite 

Quartz-mica-diorite . . 
Homblende-dacite . . . 
Andesite 



.....do.... 
Trachyte . 
Andesite . 
Diorite . . . 



Hornblende- porphy- 
rite. 

Quartz-mica-diorite . 

Andesite 



Hornblende- porphy- 
rlte. 

Andesite 

Syenite 

Mica-diorite 

Andesite 

Andesite-porphyry . . . 

Andesite 

do 

do 

do 

....do 

....do 

do 

....do 



Adamel lo Stock , Tyrol 

Granite Creek Station, Nev 

Cumbal, Colombia, South America... 

Electric Peak, Yellowstone Park 

Leadville district, Colo : 

Tyrol..... 

Electric Peak. Yellowstone Park 

Colombia. South America 

Suppans Mountain, Tehama County, 

Mount Hood, Oreg 

Henry Mountains, Utah 

Mount Shasta, Cal 

Gunnison County, Colo 

Herman Peak, Colo 



Mariposa County, Cal . 
Shasta County, Cal ... . 
Nevada City. Cal 



Mount Shasta, Cal 

Riesengebirge, Silesia 

Electric Peak, Yellowstone Park 

Shasta County, Cal 

Crandall Basin, Wyo 

Colombia, South America 

do 

Tuscan Buttes, Cal 

Sepulchre Mountain, Yellowstone 
Park. 

Pilot Peak, Plumas County, Cal 

Colombia, South America 

Shasta County, Cal 

Sierra County, Cal 



Rosenbusch, El., 140.— W. T. 
Fortieth Par., 1, 110. 
J. G., I.171.-W. T. 
Bull. 168, 88.— W. T. 
Bull. 168, 156.— W. T. 
Rosenbusch, El., 140. 
Bull. 168, 87.— W. T. 
J. G., I, 171.— W. T. 
Bull. 168, 182.— W. T. 

Fortieth Par., I, 604. 
Bull. 168, 167.— W. T. 
Bull. 168, 176.— W. T. 
Bull. 168, 159.— W. T. 
Bull. 168, 164.— W. T. 

Bull. 168, 209.— W. T. 
Bull. 168, 181.— W. T. 
Bull. 168, 194.— W. T. 

Bull. 168, 176.— W. T. 
N. J.. 1898, XU, 234.-W. T. 
Bull. 168, 87.— W. T. 
Bull. 168, 183.— W. T. 
Bull. 168, 94.— W. T. 
J. G., 1, 171.— W. T. 

Do. 
Bull. 168, 181.— W. T. 
Bull. 168, 90.— W. T. 

Bull. 168, 188.— W. T. 
J. G., 1, 171.— W. T. 
Bull. 168, 181.— W. T. 
Bull. 168, 198.— W. T. 



IRRIGATION. 57 

The following is a list of the canals, compiled from data recently obtained by 
the State engineer: 

LUt of irrigation ditches along Niobrara River, in Nebraska, west of the one hundred and third meridian. 



Name. 



Sioux County: 

Bigelow & Seymour ditch 

Warneke's ditch 

Johnson^s ditch 

Lacota ditch 

Peter Bourett's ditch 

Earnest ditch 

McGinley & Stover upper ditch . 
McGinley <& Stover lower ditch 

Harrifl & Neece ditch 

La Belle ditch 

ditch 



Location of 
intake. 



Sec. 



19 
27 
36 



1 30 
29 30 



Irion Brothers' ditch 

Moore's ditch 

Boxbutte County: 

McLaughlin ditch 

Vincent ditch 

Hughes ditch 

Dawes County: 

Snow ditch 

Palmer ditch 

Furman ditch 

Enterprise ditch 

Hatch & Cross ditch 

McMannis & Neeland ditch . 



9 
23 
25 
3 
6 
4 
1 
9 

9 
10 

1 

35 
36 
29 
28 
25 
29 



Total. 



29 
29 
29 

28 
28 
28 
28 
28 I 53 



R. 



57 
57 
57 
57 
56 
56 
56 
56 
55 
54 
54 
54 



52 
52 
52 

51 
51 
50 
50 
50 
49 



Approxi- 
mate 
length. 



Miles. 
1.75 
2.00 
. 75 
3.00 
2.00 
4.00 
3.50 
3.00 

10.00 
2.00 
4.00 
2.00 
3.50 

3.00 
1. 00 
2.00 

l.OO 
5.00 
3.00 
3.50 
3.00 
2.00 



65.00 



WHITE RIVER BASIN. 

The relatively large volumes of running water in White River and those of its 
branches which head in the canyons on the north front of Pine Kidge have been 
utilized at various points for irrigation. Many ditches have been constructed, and 
there are plans for a more extensive use of the waters. At present about 3,655 
acres are under irrigation, in greater part along the main valley. 
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GEOLOGY AND HYDROGRAPHY OF WESTERN NEBRASKA. 



The following list of ditches is compiled from data obtained by the State 
engineer during 1897: 

IaA of irrigation ditches in IMiite River Bamn, in Nebraska, west of the one hundred and third meridian. 



Name. 



Location of Intake. 



Sioux County: 

Lewis ditch I White River . . . 

iSchwartz-Hughson ditch do 

Tucker's ditch do 

Colville ditch , Kyle Creek 

Diedrichson ditch White River . . . 

Johnson ditch ' do 

Ja<x)beon ditch ' do 

Ma£ion ditch do 

Crawford Citizens' ditch do 



Sec. 

27 

26 

34 

3 

1 

7 

32 

32 

23 



T. 
31 
31 
31 
30 
30 
30 
31 
31 
31 



R. 
55 
55 
54 
54 
54 
53 
53 
53 
53 



Dawes County: 

Crawford Citizens' ditch . 
Hazleton ditch 



Cooper ditch. . , . . . 
Butterworth ditch . 
Hall's ditch 



.do 



White River Irrigation Com- 
pany's ditch. 

McFarland's ditch 



Harris & Cooper ditch . . 

Rasher ditch 

Welling ditch 

Harris ditch 

McManus ditch 

Stewart Brothers' ditch . 

Thomas Stewart ditch . . 



White Clay 
Creek. 

do I 

White River . . . 

do 

do 



White Clay 
Creek. 

White River... 

do 

do 

do 

Hooker Creek. - 

Little Cotton- 
wood Creek. 

do 



Spring Creek ditch SpringCreek. . . 



Spring Creek ditch No. 1 
Kusil ditch 



Mace ditch , 

West Ash Creek Irrigation 
Company's ditch. 

Baron ditch 

Ox Yoke ditch 

James Wilson ditch 

Seegrist ditch 



do 

Little Cotton- 
wood Creek. 

WestAshCreek. 

do 



East Ash Creek. 

do 

Indian Creek . . 
do 



23 31 53 

13 31 52 

2 31 52 

3 31 52 
34 32 51 

34 32 52 

35 32 52 

25 32 52 

19 32 51 

17 32 51 

17 32 51 

7 31 51 

8 32 52 

8 32 52 
13 32 52 

18 32 51 

9 32 51 

2 31 51 
38 32 51 

32 32 50 

31 32 50 

10 31 50 

3 31 50 



Length. 

Maet. 

0.50 
.25 
.75 

1.00 
.50 
.50 
.50 
.25 

1.50 

5. 75 

18.50 
1.00 

1.75 

.50 

13.00 

2.00 

.75 

10.00 
1.00 
.50 
2.00 
1.00 
1.50 

.75 

.75 

LOO 

LOO 

LOO 
2.00 

.50 
L50 
.125 
.50 
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Name. 


Location ol 


fintak 

33 

26 

9 

9 
32 
32 

12 

12 

1 


B. 




1 
Length. 


Dawes County — Continued. 

Flood ditch 


East Fork of 
IndianCreek, 

Trunk Butte 
Creek. 

Dead Horse 
Creek. 

do 


T. 
32 

32 

31 

31 
32 
32 
32 
32 
32 


R. 

50 

50 

49 

49 
49 
49 
49 
49 
49 


Mae*. 
0.75 

.50 

1.00 

.75 
.75 
.50 
.50 
. 75 


Smock's ditch , ' 


Goff ditch 


Norton ditch 


Woodruff ditch 


do 


Kempry "Rarn 


do 


W. Wilson's ditch 


Chad ron Creek. 
do 


H. M. Wilson's ditch 


Half Diamond 

Total 


do 


1.00 


69.125 


74.875 


i ■ 1 



LODGEPOLE VALLEY. 

The water of Lodgepole Creek has been utilized for irrigation for several years, 
and at times practically all the stream has been diverted into the fields. Hay has 
beeil the principal crop, but grains and vegetables have also been irrigated to some 
extent. The average volume of the creek is about 4 cubic feet per second, but along 
some portion of the valley the waters sink beneath the surface and, traveling under- 
ground for some distance, emerge again in springs. The following facts relating to 
this valley are taken from notes by Mr. Adna Dobson, made in the summer of 
1895 :« 

Commencing from the west, the first ditch is the Hoover, which supplies water 
for about 50 acres; then come the ditches of S. A. Pierce and L. C. Kinney, 
which supply water for about 575 acres, mainly of hay lands. In the next 4 
miles no more water is taken out, and then comes the head of the Young 
ditch, which supplies water for about 30 acres, extending to sec. 34, T. 15, R. 57. 
Five miles lower down is the ditch of Carl Ruttner, which takes water on each 
side of the creek, the total amount being 4.9 cubic feet a second, which is 
used for covering about 40 acres. One mile lower down is the beginning of 
J. J. Kinney's south ditch, which takes all the water in the creek, 3.6 cubic feet 
a second, for the cultivation of about 140 acres. One-half mile below this is the 
head of J. J. Kinney's north ditch, into which the entire creek is diverted. The 



a First Biennial Report of the State Board of Irrigation of the State of Nebraska for 1895 and 1896, prepared by \V. R. 
Akers, Lincoln, 1897, pp. 151-157. 
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amount of water is 2.1 cubic feet a second for the watering of 190 acres. These 
ditches are used alternately in order to obtain greater volume. The amount of water 
in the creek increases rapidly below the head of Mr. Kinney's ditch, and at the east 
line of sec. 34, one-half mile below, the creek is running about 6 cubic feet per 
second. Within the next 3 miles is the Hurley, Liley & Polly ditch, which takes 
4.5 cubic feet of water a second for the irrigation of 160 acres. Two iniles below 
this is the head of the Hurley & Polly ditch for the irrigation of about 125 acres. 
One-half mile lower down the valley is the head of the Bay State ditch, which takes 
2.5 cubic feet of water a second for 100 acres. In the next 7 miles are the Mcintosh, 
Circle Arrow, and Brady ditches, with only limited supplies of water, the creek 
becoming practically dry above Mr. Brady's head gate in sec. 28, T. 15, R. 54, and 
continuing so to a point in sec. 4, T. 14, R. 52, where it again appears. A measure- 
ment at the head of the Adams ditch, in sec. 31, T. 14, R. 52, showed 2i cubic feet a 
second, which is taken by the Adams ditch for the cultivation of 245 acres, mainly 
of ha3% Next below is Thomas Gunderson's ditch, which has 5 cubic feet of water 
a second for 100 acres. In sec. 7, T. 14, R. 51, is the ditch of Mr. Hans Christian- 
son, which takes about 1 cubic foot of water a second for 70 acres. One and one- 
half miles below this is the ditch of Mr. James Mitchell, which takes 3.5 cubic feet 
a second for 60 acres; and next below is the head of Mr. John Anderson's ditch, for 
200 acres. This ditch is used alternately with the Mitchell ditch in order to have a 
suflScient volume of water. Then comes the very small ditch of Mr. J. A. Shanahan 
for the irrigation of 2 or 3 acres. The next dam below is for Mr. M. Urback's ditch. 
Then there is the ditch of N. P. Lingholm, which heads in the SE. i sec. 14, T. 14, R. 
51, and provides water for 30 acres. It was taking 1.5 cubic feet of water a second 
at the time of observation. The creek is dry below this through sec. 13 and nearly 
through sec. 19. Near the east line of sec. 19 the water rises again, and at the head 
of the Couch ditches, in the SW. i sec. 20, T. 14, R. 50, 2 cubic feet a second is 
available for the irrigation of about 40 acres. Runge's ditches, Nos. 1 and 2, are in 
sees. 28 and 29, T. 14, R. 50, and provide for about 105 acres. The Ickes ditch 
comes next, but the amount of water is hardly suflBcient to cover more than 100 acres. 
About one-half cubic foot of water a second passes the Ickes dam and fills a small 
pond at the head of the Adams & Tobin ditch, but the supply was inadequate to 
cover the 180 acres to be irrigated. Below this dam the creek is entirely dry for 
the next mile, where the water rises again in springs; and at the head of the Trog- 
nitz ditch, in sec. 36, T. 14, R. 50, one-half a cubic foot of water a second flows into 
the ditch and is used for the irrigation of about 34 acres. It is the same ditch that 
was built by the United States to supply water for Fort Sidney. 

The table following gives the acreageof crops irrigated in the Lodgepole Valley 
west of the one hundred and third meridian in 1896, according to the first report of 
the State board of irrigation (p. 158). 
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Acreage of crops irrigated in the Lodgepole Valley west of the one hundred and third meridian in 1S96, 



Acres. 

Alfalfa 317 

Native hay 2,160 

Com 80 

Oats 66 

Wheat ■ 63 

Millet 57 



Barley 

Rye 

Potatoes 

Garden trees, etc 



Acres. 

20 

2 

42 

25 



Total 2,832 



HAT CREEK BASIN. 

The upper portions of Hat Creek and its numerous branches rising in canyons 
in the northern slopes of Pine Ridge contain water in suflScient supply for the 
irrigation of many local areas. These are mainly in the relatively narrow canyons, 
where only small strips of land are so situated as to be easily watered. The volume 
of water in most cases is ample and is derived from ever-flowing springs. Nearly^ all 
the canyons contain small, short canals, which serve for the irrigation of numerous 
small farms. The total area under irrigation in 1897 was estimated to be 1,860 acres. 

The following is a list of the canals according to the plots of the State engineer: 

lAst of irrigation ditches in Hat Creek Bastn, Sioux County ^ Nebr, 



Name. 



Location of intake. 



Steel ditch.... 
Coffee's ditch . 



Miller ditch i do 



Holly'sditch , 

Old Sowbelly ditch 

Hall'sditch 

M. D. Jordan's ditch , 

Schlitz ditch 

Valdeg ditch 

Zerbst ditch , 

Big Monroe Creek ditch , 

Biehle ditch 

Nolan's ditches, No. 1 and No. 2.. 

Kay's ditch 

Daut ditch 

ditch 

Warbonnet ditch 

Woodruff's ditch 

Slattery's ditch 

Jim Creek ditch . 

Hamlin ditch 

Dunn's ditch 




Length. 



Boggy Creek , 31 

Sowbelly Creek 

do 

do 

Cedar Creek ....... 

Prairie Dog Creek. . 

do 

Big Monroe Creek . 



Warbonnet Creek , 

do 

do 

do 

do 

Jim Creek 

dp 

do 

Squaw Creek 

.....do 



/ 
6 
21 
35 
3 
25 
33 
32 
23 



30 
31 
! 21 
14 
13 
S 
10 
11 



T. 


R, 


MUet. 


32 


55 


1.50 


33 


55 


5.00 


33 


55 


.75 


33 


54 


1.00 


32 


55 


2.00 


32 


55 


.50 


33 


55 


1.50 


33 


56 


2.00 


32 


56 


.50 


33 


56 


1.00 


33 


56 


2.00 


33 


56 


.75 


33 


57 


1.25 


33 


57 


.75 


33 


56 


1.00 


33 


56 


1.00 


33 


56 


1.50 


33 


57 


1.00 


33 


57 


1.00 


33 


56 


.60 


33 


57 


.50 


33 


57 


2.00 
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List of irrigation ditches in Hat Creek Basinf J^oux County ^ Nebr, — Continued. 



Name. 


Location of intake. 




[ 
Length. 

1 


P. D. Dunn's ditch 


do 


Sec. T. 
3 33 


R. 
57 
57 
56 
54 


1.00 


Turner's ditch 


Antelope Creek 

do 


26 34 

8 34 

29 33 


1.50 


Story's ditch 


1.00 


Cherrv Creek ditch 


Cherry Creek 


.25 


Total 




32. 75 f 











WINDMILL IRRIGATION. 

Several farmers in western Nebraska have experimented with windmill irrigation 
with encoui'aging results. There are large supplies of underground waters under 
the high table-lands, beginning with Pine Ridge and lying in broad expanse between 
the larger valleys. This is notably the case on the fine table lying between the 
valleys of Lodgepole Creek and Pumpkinseed Creek. These waters are usually at a 
depth of over 175 feet, but a large windmill soon raises sufficient water to fill a fair- 
sized reservoir. About 10 acres seems to be the limit for irrigation from one 
windmill, but this area will afford sufficient crops for local use. A reservoir is 
essential for satisfactory irrigation from a pump, but there usually is no difficulty in 
constructing one in the table-land areas. 

ClilMATE. 

Western Nebraska has a climate of typical plains character. It is dry and hot 

in summer, moderately moist in late spring, and cold, but with little snow, in winter. 

There is considerable variability in the climatic features from year to year, rather 

more than is found farther south or north, and some local variations from point to 

point, particularly in rainfall. Records of weather were kept for many years at 

Sidney, in the Lodgepole Valley, and at Fort Robinson, on White River, while for 

shorter periods observations have been made at Alliance, Gering, Hay Springs, 

Kimball, and Camp Sheridan. In PI. XLII there is given a graphic reproduction of 

rainfall records covering a period of several years at some of the stations a^Dove 

mentioned, compiled from an article on the Rainfall of Nebraska,^ by C. D. Swezey 

and G. A. Loveland, together with data for 1896 and 1897, kindly supplied by Mr. 

Loveland. 

TIMBBR. 

The occurrence of timber in this region is restricted to certain localities of rela- 
tively limited extent. In the greater part of the plains area there is no timber at 
all, and the valleys of the Platte and upper Niobrara rivers and Lodgepole Creek do 
not contain trees. Along the northern escarpment of Pine Ridge, on the slopes of 
the White River and Hat Creek basins, there is a moderately wide zone of scattered 



a University of Nebraska, Bull. Agric. Ezper. Stat, vol. b, article 4, 1896. 
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pine forest. It extends from the crest of the ridge down nearly to the foot of the 
steeper slopes, and the aggregate amount of timber is fairly large. Along the ridge 
south of North Platte River there was formerly considerable pine, and many of the 
slopes north of Platte River and south of Pumpkinseed Valley maintained a scattered 
growth of pine. Some of the canyons in this region contain deciduous trees in 
small groves, and this is also the case in the many canyons in the northern slopes of 
Pine Ridge and at intervals along the banks of White River. The extent of the 
timber in this region is shown in PL XLIII. The principal tree is the Rocky 
Mountain pine {Pinus ponderosa). It attains a diameter of from 1 to 2 feet where 
the conditions are most favorable, but its growth is somewhat scattering, and deep 
inroads have been made on the supply by woodcutters. The young pines appear to 
be thrifty, as they spring up abundantly on most of the slopes, and are growing 
vigorously. Some features of the pine growth are shown in Pis. VIII and XXI. 

In the region adjoining North Platte River the growth of pines is rather 
scanty, and nearly all of the larger trees have been or are being cut. This is also 
the case along the edge of the table-land south of Pumpkinseed Creek. 

The deciduous trees of the region comprise mainly cottonwood {Popvlus monili- 
fera), with a moderate proportion of box elder {Negundium americanum)^ and a 
small variety of other similar trees. 

EI^EVATIONS. 

Liti of elevations in Nebraska west of the one hundred and third meridian, 

WESTERN CHEYENNE COUNTY. 



Locality. 



Fed. 

Lapeer." 3,638 

Courthouse Rock 4, 100 

Jail Rock 4,002 

Roundhouse Rock 4, 255 

Twin Mounds 4,:M) 

Redington 3,870 j 

Camp Clarke 3,7a'S 

I 
Springs on Middle Creek 3, 830 , 

Chimney Rock 4 , 24 2 

BirdCageGap ' 4,028 

Bayard 3,780 

Redington Gap 4,126 1 

Cyrus 4,320 

Spring Lakes 4,260 

Duggers Springs 4,030 I 

Ridge at head of McManigle Canyon . . 4, 520 ' 

Table-land T. 22, R. 50 W 4,200-4,::00 



Altitude. 



Authority. 

U. S. G. S. bench mark. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
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List of eUvcUions iti Xebrcaka west of the one hundred and third meridian — Continaed. 
WESTERN CHEYENNE COUNTY— Continued. 



Locality. 



Ickes post-office 

Table at head of Wild Horee Canyon. 

Sidney 

Mai^^te siding 

Bronson , 

Herdon siding 

Potter 

Jacinto siding 



Altitude. 



Authority. 



Feet. 

4,415 

4,450 

4,090 

4,138 

4,203 

4,301 

4,377 

4,486 



Barometer. 

U. S. G. S. 

Gannett. « 

Union Pacific Railroad. 

Do. 

Do. 
Gannett. « 
Union Pacific Railroad. 



KIMBALL COUNTY. 



Dix 


4,542 
4,616 
4,697 
4,781 
4,859 
4,925 


Union Pacific Railroad. 
Do. 
Do. 
Do. 
Do. 
Do. 


Owasco siding 


Kimball 


Adams 


Bushnell siding 


Smeed siding 





BANNER COUNTY. 



Wildcat Mountain 

Hogback Mountain 

Castle Rock 

Bighorn Mountain 

Wrights Gap 

Gabe Rock 

Freeport 

Harrisburg 

Ashford 

Mud Springs. . .-. 

Willow Springs 

Funnel Rock 

Gabe Springs 

Long Springs 

Summit of table south of Harrisburg. 

Smokestack Rock 

Sheep Mountain 

Williams Gap 

Hubbard Gap 



5,038 
5,082 
4,472 
4,718 
4,425 
5,006 
4,010 
4,500 
4,230 
4,640 
4,450 
4,502 
4,700 
4,700 
5,100 
4,326 
4,507 
4,420 
4,494 



U. S. G. S. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Barometer. 
U. S. G. S. 

Do. 

Do. 

Do. 



a Dictionary of altitude in the United States: Bull. U. S Geol. Survey No. 160, 1899. 
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LUi of elevations in Nebraska west of ih€ one hundred and third meridian — Continued. 

SCOTTS BLUFF COUNTY. 



Locality. 



Scotts Bluff 

Dome Rock 

Gering 

Sedan 

Winter Springe 

Minatare 

Sunflower 

Collins 

Caldwell 

MiU'hell 

Larissa 

Dorrington 

Intake of Winter canal 

Intake of Enterprise canal 

Roubedeau Pass 

Signal Butte 

Summit of Ridge at head of Cedar 
Canyon. 

Mitchell Pass 

Bald Peak 

North Platte River at Wyoming line. . 

Castle Rock 

Steamboat Rock 

Roundtop Rock 

Coyote Hill 



Altitude. 

Feet. 

4,662 

4,560 

3,902 

3,966 

3,990 

3,826 

3,940 

4,018 

4,050 

4,000 

3,960 

4,450 

3,900 

3,980 

4,480 

4,683 



SIOUX COUNTY. 



Snyder's ranch 

Sturdivant's ranch 

SW. corner of the county 

^ W. corner of the county 

Harrison 

Andrews 

Glen 

Adelia 

Mansfield 

Niobrara River at Wyoming line 

Niobrara River at eastern margin of 
the county. 



Authority. 



4,310 
4,376 
4,050 
4,125 
4,849 
4,422 
4,038 
3, 725 
3,628 
4,730 
4, 2(K) 



S. G. S. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 



4,860 


Do. 


4,180 


Do. 


4,420 


Do. 


4,035 


Do. 


4,473 


Do. 


4,319 


Do. 


4,479 


Do. 


4,460 


Do. 



U. S. G. S. 

Do. 

Do. 
Barometer. 
F., E. andM. V. Rwy. 

Do. 

Do. 
B. and M. R. R. R. 

Do. 
Barometer. 

Do. 



14478— No. 17^03- 
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fjist ofelet'cUions in Xef/raska west of the atve hundred and third meridian — Continued. 
SIOUX COl'NTY— Continued. 



Locality. 



Altitude. 



Authority. 



Niobrara River at Royville 

Niobrara River at mouth of Whistle 
Creek. 

Highest sandhill in sec. 17, T. 26, R. 56 . 

Highest sandhill in sec. 21, T. 27, R. 56. 

Corbin's ranch 

Mu(i* Springs 

Coyote Springs 

McGinley Lakes 

East Spring 

Spottedtail Springs 

Wind Springs 

GilchriHt 

Montrose 

Roundtop 

Coliseum Rock 

Pine Ridge at Wvoming line, T. 33, 
R. 57. 

Pine Ridge, south of Andrews 

Pine Ridge, south of Glen 



Ftet. 

4,457 I V 
4,280 



S. G. S. 
Do. 



5, 100 I 

5,020 ' 

4,495 j 

4,470 I 
4,520 

4,530 ; 

4, 525 
4, 120 I 
4,460 
3,?K)0 
3, 750 
4,525 I 
5,050 ' 
5,060 I 



4,800 
4,810 



Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Barometer. 
Do.. 
Do. 
Do. 
Do. 

Do. 
Do. 



DAWES COrXTY. 



Fort Rol)inson station 

Crawford 

Whitney 

Dakota Junction 



3, 775 

3,674 

3, 404 

3, 256 

Remington 3, 660 

Rutland 4,141 

Belmont 4, 493 

Maryland 4, 156 

Summit of Pine Ridge, near Belmont. 4, 600 

Niobrara River at l()3d meridian 3, 90(^ 



Gannett.'' 
I F.,E.and M. V. Rwy. 

Do. 

Do. 
B.andM.R.R.R. 

Do. 

Do. 

Do. 
Barometer. 

Do. 



BOXBrTTK (Y)rXTY. 



Hemingford 
Girard 



4, 256 B. and M. R. R. R. 
4, 365 , Do. 



INDEX. 



Page. 

Adelia, badlands near, view of 42,44 

Adelia station, formations near 40 

section from Round Top to 39 

Alliance, rainfall at 62 

Alluvial formations, water in 44 

occurrence and character of 15, 22-23 

Altitudes, list of 6»-66 

Ardmore, boring at 47 

Arlkaree formation, blow out in, view of 28 

butte of , view of 26 

cliffs of, view of 30 

conglomerate in 2&-29 

sections showing 27, 28 

view of 24 

Dsemonelix beds in, view of 28 

occurrence and character of 17,26-29 

pipy concretions in, view of 28 

section showing relation of Brule formation to 25,26 

showing Ogalalla formation and 24 

springs in • 48 

view of Oering formation, Brule clay, and 82 

Brute clay and 26 

volcanic ash in 48 

water in 44 

Artesian flow at Omaha, areas of, map showing 50 

Ash, volcanic, occurrence of 35,42-43 

Ashford, formations near 36 

section near 37 

Badlands at foot of Scotta Bluff, view of 40 

near Adelia, view of 42, 44 

Barbour, E. H., aid by 9 

cited on occurrence of Dsemonelix 27 

Benton formation, occurrence and character of 19, 42 

Big Cottonwood Creek, measurement of 53 

Birdcage Gap, formations exposed in, view of 32 

Gerlng formation at 30 

thickness of 29 

section at 36 

Black Hills, section from Pine Ridge to 46 

Blow out, view of 28 

Brule clay, Gerlng formation lying unconformably on. 

view of 34 

occurrence and character of 18, 37-40 

unconformity between Gerlng formation and, sec- 
tion showing 31 

view of A rikaree formation on 26 

Arlkaree and Gering formations and 32 

volcanic ash in 43 

water in 45 

Brule formation, lens In, view of 42 

section showing relation of Arlkaree formation to. 25, 26 

Camp Clarke, discharge of North Platte River at 50 

Carboniferous formations, occurrence and charac- 
ter of 20-21 

water in 46 



Pa^. 

Castle Rock, formations at 82 

section at and near 36, 88 

view of 42 

Cedar Canyon, formations at 35 

section in 34,35 

Chadron , bori ng at 47 

section at 40 

Chadron formation, occurrence and character of . . 18, 40-41 

Cheyenne County, sand hills In, view of 22 

Chimney Rock, formations exposed near 31-^ 

Gering formation near, thickness of 29 

sections near 32, 36 

view of 34 

Climate, discussion of 62 

Conglomerate at base of Ogalalla formation, view of. . 24 

in Arlkaree formation 28-29 

sections showing 27, 28 

view of 24 

Cottonwood limestone, occurrence of 20 

Courthouse Rock, altitude of 12 

formations at 30 

Gering formation at, thickness of 29 

section at 36 

view of 12 

Dsemonelix, occurrence of 25,27 

Dsemonelix beds in Arlkaree formation, view of 28 

Dakota sandstone, occurrence and character of 19,42 

waierln 46 

Declivity of head of liquids, diagram illustrating 47 

I Dinictis, occurrence of 90-Si 

Ditches, lists of 55,57,58-^,61-62 

Dobson, Adna, notes by 59 

stream measurements by 52 

Dome, Gering formation at 86 

j Dorr! ngton, formations near 36 

I sections near 27, 36 

Drift, occurrence and character of 16 

East Ash Creek, measurement of 53 

Elevations, list of 63-€6 

Erosion, wind, in Gerlng formation, plate showing... 16 

Fault in Gering formation, view of 80 

' Fisher, C. A., aid by 9 

reference to 66 

Fort Robinson, rainfall at 62 

I Fort Robinson ditch, measurement of 53 

I Fort Sidney, rainfall at 62 

Freeport, Arlkaree formation near, thickness of 27 

Funnel Rock, formations near 36 

section near 37 

i Gering, Brule clay near 38-39 

Gering formation near, thickness of 29 

lens in Brule formation near, view of 42 

rainfall at 62 

j sectionsnear 25,28,32,33,84 
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Silica 
con- 
tent. 



41.43 



Clamfied lint of analyses used hi constructing diagrams — Continued. 

SE(mON 3. VENANZIA8E. 

SUBRANO 2. VeNANZOSK. 
{IV. 1, 5, 1, 3, 2.) 



Alkall-sUica 
ratio. 



0.152 



Author' H name. 



LcKjality. 



' Venanzitc San Venanzo, Umbria, Italy. 



Reference. 



A. W. B., 1899, VII, 118.— W. T. 



Order 2. Scotare. 

SECTION 1. . 

Rang 1. . 

SECTION 1. . 

SUBRANG 2. . 

(IV. 2,1, 1, 1,2.) 



53.05 0.018 



Aiigite-noritc Madriui, India \V. T. 

I i 



SECTION 3. BRANDBERGIASE. 

SUBRANG 2. BRANDBERGOHK. 

(IV.2, 1, 1, 3, 2.) 



45.05 0.030(45.9) 



Pyroxenite Brandberg, Norway Q. J. G. S., L, 31— W. T. 



SUBRANG 3. . 

(IV. 2, 1,1,3, 3.) 



45. (M 0.209 



NopheIite-l>a.stilt i Katzenbuckel, Odenwald, Baden I Kosi>nbuKrh, El., 3o7. 



SECTION 2. PAOLIARE. 
Rang 1. Paolase. 



SECTION 2. 

SlTBRANG 2. 



(IV. 2. 2, 1,2,2.) 



47.41 0.031 
42.68 .077 

40.42 I .038 
40.15 ' .000 

39.59 ; .057 

I 



Augite-peridotitc IVckskill, N. Y A. .1. S., XXXI, 1SS6. 40.— W. T. 

Homblende-ba.«4ult ..." Hauk, S. Rhone RoKcnbuwh, El., :J09. 



Olivine-gabbro . . . 

Kmwite 

Nephelite-ba.salt . 



Crazy Mountains, Mont Bull. 168, 122.— W. T. 

Koswinaky, Ural Monnttiins I O. N., 119. 

Ottendorf, Silesia ! R. T., 1884, LXIV. 



SECTION 3. PAOLIASE. 

SUBRANG 2. PaOUWE. 

(IV. 2, 2, 1, 3, 2.) 



41.41 
38.39 
38.38 
30.51 



0.000 (41. C) 
.031 (37.5) 
.022 
.075 



Koswito Koswinsky, Ural Mountains O. N., 1 19. 

Jaoupiningite Magnet Cove, Ark J. G., IX, 620.— W. T. 

do Sao Paulo, Brazil | Do. 

Eleolite-mica-syenite. Magnet Cove, Ark Do. 
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Soldier Creek, xneajsurement of 58 

Sowbelly Canyon, butte of Arikaree formation in. 

view of 26 

Spoon Bntte, aectlon from Sturdlvant ranch to 28 

Springs, cbaracterifltic features of, diagram showing. . 49 

occorrence and character of # 48-49 

Squaw Creek, measurement of 53 

Streams, occurrence and character of 50-64 

Sturdivant ranch, section from Spoon Butte to 28 

Swezey, C. D„ and Loveland, G. A., cited on rainfall . . 62 

Table-land, topographic features of /. 10 

Tertiary grit. See Ogalalla formation. 

Titanotherium, occurrence of 41 

Titanotherium robustum, viewof 44 

Timber, amount and character of 62-^ 

distribution of, map showing 64 

Toadstool Park, viewof 44 

Topography, featuresof 9-14 

Twin Sisters, formations at and near 32-33 

viewof 16 I 

Underground waters, general conditions governing . . 43-14 

horizons yielding w 44-46 | 

in upper Missouri region, map sshowing factors 

bearing on prospects of 48 

map showing distribution of '. 46 ! 

occurrence of deep-seated 45-48 I 

See also Artesian. 



Page. 
Upper Missouri region, map showing factors bearing 

on prospects of underground water in ... . 48 

Volcanic ash, occurrence of 35, 42-43 

Wabaunsee formation, occurrence of 20 

Waters, deep-seated, occurrence of 45-48 

Waters, underground, general conditions governing.. 43-44 

horizons yielding 44-46 

in upper Missouri region, map showing factors 

bearing on prospects of 48 

map showing distribution of 46 

occurrence of deep-seated 45-48 

West Ash Creek, measurement of 58 

White Clay Creek, measurement of 63 

White River, course, character, and diiiichargc of 53 

tributaries of W 

White River Basin, irrigation in 67-69 

Irrigation ditches in, list of 58-69 

topography of 12-13 

White River region, irrigation map of Niobrara River 

and Hot Creek regions and 56 

Wildcat Mountain, altitude of H 

Arikaree formation at, thickness of 27 

section at 24 

Wilson. J. M., aid by ^ 

WMnd erosion in Gering formation, plate showing .... 16 

Windmill, irrigation by means of 62 

Youngfelt, E. T. stream measurements by 62, 68, 66 
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LETTER OF TRANSMITTAL 



Dkpartment of thk Interior, 

United States (xEOLooicAii Survey, 

WaMngton, D. (\. May '26, 190S. 

Sir: I have the honor to transmit herewith ti manuscript by Joseph Paxs.:.. 
Iddings entitled "Chemical composition of igneous rocks expressed by means oT 
diagrams, with reference to rock classification on a quantitative ehemico-mineral- 
ogical basis," and to recommend that it be published as a Professional Paper. 

The significance of a large number of chemical analyses of igneous rocks, 
with their many variable elements, each having a great range, is somewhat diffi- 
cult of comprehension to all geologists and petrographers who have not devoted 
much time to their study. Mr. Iddings presents a method of expressing the 
most significant factors in each analysis by a simple diagram, and by grouping 
these individual diagrams on a certain principle he has succeeded in representing 
the great variation in composition and the chemical relationships of almost the 
entire range of igneous rocks in a way that is comprehensible at a glance. The 
facts thus brought out are discussed hy him in their bearing on petrogmphic 
system. As a successful attempt at the elucidation of a complex problem thc^ 
paper is of importance to all students of igneous rocks. 

Very respectfully. 

Whitman Cross, 

(reologUt in Charge^ Sectttm of Petrology, 
Hon. Charles D. Walcott, 

IHrectar^ United Statei* Geol4tgi4ial Survey. 



OHEMIOAL COMPOSITION OF IGNEOUS BOOKS EXPRESSED BY MEANS 

OF DIAGRAMS, WITH REFERENCE TO ROCK CLASSIFICATION 

ON A QUANTITATIVE CHEMICO-MINERALOGICAL BASIS. 



By Joseph Paxson Iddings. 



INTRODUCTION. 

The value of graphical methods for expressing relative quantities has been 
well established in all kinds of statistical exposition and discussion. Their use in 
conveying definite conceptions of relative quantities of chemical and mineral com- 
ponents of rocks is becoming more and more frequent, and the value of the 
results in some cases can not be overestimated. This is especiall}^ true when a 
series or group of rocks is being considered. The intricate variations in the 
amounts of numerous mineral components, or of chemical components, baf9e most 
attempts to comprehend their interrelationships by simple contemplation or by 
study of the numbers in which they ma}^ be expressed. Many facte and relations 
are overlooked which are readily observed when diagrams are used to represent 
numeri(»al figures. Moreover, visual mcmor}' is sufficiently developed in most 
persons to enable them to carry in mind simple geometrical forms, where it does 
not permit them to recollect manifold assemblages of oft-repeated numbers. 
Mental impressions of simple diagrams are, therefore, more definite and lasting 
and enable the student to store up a much greater amount of quantitative data 
than he could otherwise acquire. 

Evidence of the appreciation of this fact by petrographers is found in the 
increasing use of diagrams in petrographical literature, and a brief sketch of 
the growth and elaboration of graphical methods for presenting quantitative 
petrographical data will serve as an appropriate introduction to the subject in 
hand. From this notice will be excluded those diagrams which serve to connect 
the names of rocks in series after the manner of expressing genealogical relation- 
ships, in which diagrams the space relationships are not strictly quantitative. 
Such diagrams have been used by George H. Williams, H. O. Lang, and other 
petrographers. 
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niSTORIC^AT^ REVIKW. 

Among the earliest diagrams employed to represent relative quantities of 
rock constituents are those used by Reyer in 1877/* They are more or less 
generalized expressions, in one instance of the varying proportions of the chief 
oxide components in rocks and meteorites; in another of the varying amounts of 
the commoner rock-making minerals capable of being developed in rock magmsvs 
with different silica content. The diagrams used are rectangles subdivided by curved 
lines corresponding to the variations mentioned. Other diagrams express the 
variations of different kinds of rocks with respect to silica; the relation ]>etween 
specific gravity, silica percentage, and texture of mineralogically similar rocks; 
and the relative abundance of rocks of different compositions and textures. 

Subsequently in his work, Theoretische Geologic,* he reproduces two of 
these diagrams and introduces othere showing the proportions of chemical 
components in two series of minerals (feldspars and pyroxenes) and others 
showing the proportions of the chief minerals in three kinds of rocks. One 
diagram consists of adjacent, long, narrow rectangles, each divided into 
rectangular parts proportionate to the percentages of the oxide constituents in 
ceitain kinds of rocks, from gi-anite to gabbro, and in five types of meteorites. 

Judd,*^ in his book on Volcanoes, in 1881, makes use of a diagmm to 
represent the varying amounts of chemical elements in rocks and meteorites. It 
is similar in form to one used by Reyer, already described. 

In 1890 the author^ constructed diagmms to exhibit the variation in chemical 
composition of rocks forming geologically related groups or series. In these 
diagrams the quantitative data represent specific analyses of different rocks in 
each series. The oxide constituents of each rock are referred to rec*tangular 
cooixiinates, the silica being plotted as abscissas, and the other oxides — alumina, 
ferric and ferrous iron, magnesia, lime, soda, and potish —being plotted as 
ordinates. Straight lines connecting successive loci of any one oxide, as those of 
alumina, indicate the variations in the amount of each constituent in the rock 
series. This is the chief feature brought out by these diagrams, the range and 
character of the variations being shown. 

Similar diagrams have been used by Dakyns and TealP to illustrate the 
chemical variations in the plutonic rocks of Grarabal Hills and Meall Braec, 



n Reyer, E., Beitrag zur Fysik der Eruptionen. Vienna, 1877. 

<> Reyer, £., Theoretiflche Geologie. Stuttgart. 1888. 

c Judd. J. W.. Volcanoes. New York, 1881, p. 322, flg. 88. 

biddings, J. P., The mineral composition and geological occurrence of certain igneous rocks In the Yellowstone 
National Park: Bull. Philoe. Soc. Washington, vol. 11, January, 1890, pp. 207 and 211; also in Twelfth Ann. RepL U. S. Geol. 
Survey, 18»2, pp. 629 and 649; Mon. U. 8. Geol. Survey, vol. 32, pt. 2, pp. 119 and 136; Origin of igneous rocks, Bull. Philos. 
Soc. Washington, vol. 12, June, 1892, and in Jour. Geol., vol. 1, 1893, p. 178. 

« Dakyns, J. R., and Teall, J. J. H., Quart. Jour. Geol. Soc. London, vol. 48. 1892, p. 116. 
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Scotland; b^' Washington to express the chemical variation in the volcanic rocks 
of JEgiuA and Methana, Grecian Archipelago,^ and in the rocks of Magnet Cove, 
Arkansas;* and by Cross** to show the chemical composition of the rocks of the 
Kosita Volcano, Colorado. 

Harker'' has employed the same form of diagram, but has used atomic ratios 
of the chemical elements instead of the oxides, to show the variations in the rocks 
of Carrock Fell, England. Subsequently he modified it slightly by using percent- 
ages of the oxide components instead of their molecular proportions to discuss 
the possibility of distinguishing igneous rock series from mixed igneous rocks. *" 

Loewinson-Lessing-^ has also made use of this method of exhibiting the 
variability of chemical composition in eruptive rocks, illustmting the great 
divergence in the composition of rocks classed under one name in the qualitative 
system and also the differences in composition of avemge magmas. 

In 1900 Pirssonfl' pointed out the possibility of relating the variations in the 
chemical composition of rocks of one geological body to their position in that 
bod}' by introducing their space relations into this fonn of diagram. He accom- 
plished it by letting the abscissas represent distances in the rock lK)dy between 
the various rocks analyzed. By this modification of the diagram just described, 
he showed that the variations in chemical composition in such cases follow very 
regular laws, and with one or two elements determined in a variety of the rock 
the remainder may be found by means of the diagram. 

Similar diagrams have since been used by Washington in discussing the 
differentiation in the rocks of Magnet Cove.^' 

Pirsson has also used a somewhat similar diagram to represent the variations 
in mineral composition of rocks of Yogo Peak, Little Belt Mountains, Monttma.* 

In 1896 Becke^' represented the chemical composition of igneous rocks by 
diagrams of two kinds, constructed in a manner different from that of those just 
described. The first is a modification of a three-coordinate diagmm for three 
variables, whose sum is a constant, based upon an equilatei-al triangle. The 
three factors chosen are Ca, Na, K. The zero point of the coordinate axis is 
the center of the triangle. From this point three axes run to the corners of 
the triangle, one for each of the elements, Ca, Na, K. The spot within the 



«< Washington. H. S., Jour. Geol., vol. 3, 1895, p. 160. 
b Washington, H. S., Bull. Geol. Soc. America, vol. 11, 19U0. p. 404. 
cCross, W., Seventeenth Ann. Kept. U. S. Geol. Survey, pt. 2, 1896, p. 324. 
rfHarker, A., Quart. Jour. Geol. Soc. London, vol. 61, 1895. p. 146. 
« Barker, A., Jour. Geol., vol. 8, 1900, pp. 389-399. 

/ Loewin8on-Le^«ing, F., Compte rendu Congr^s Gt'ol. International, Seventh .session, St. PeterHboiiiy, 1X99, Pis. I, II, 
and III. 

i7Pii880n, L. v., Twentieth Ann. Rept. U. S. Geol. Survey, pt. 3, 1900, p. 669 et seq. 

A Washington, H. S., Bull. Geol. Soc. America, vol. 11, 1900, p. fvM. 

<0p. cit.,p.5«8. 

iBecke, P., Min. Pet. Mitth., vol. 16, 1897, p. 3l6-3*2(). 
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triangle determined by the values of Ca, Na, K, in a given rock analysis is the 
locus of the analysis (Analysefwrt). The various positions of these spots indicate 
the relative amounts of the elements named in the rocks compared. The other 
chemical elements in the rocks are represented on a second diagram supposed to 
stand at right angles to the plane of the first. It is drawn with rectangular 

coordinates, the abcissas being proportional to the ratio 7,-77 ^ , yr ^ and the 

ordinates representing the values of Si, Al, Fe, Mg. Each of these elements is 
located by a spot in the diagram. 

In Januar}", 1897, Michel L^vy " devised diagrams to exhibit certain chemico- 
mineralogical characters of igneous rocks, a single diagram representing an indi- 
vidual rock. The component oxides are first distributed into two groups, those 
that may combine with AljO, to form feldspars and those that may not. All 
the AljOj is set aside for feldspars, and to it is allotted K,0, Na,0, and 
sufficient CaO to satisfy it. An excess of CaO is placed with iron and mag- 
nesia. Silica may )>e introduced into the diagram or omitted, and in a sub- 
sequent publication* in the same year is expressed only in numbers stating the 
percentage. Rectangular coordinates are used and the values of the components 
are laid off on two axes intersecting at the zero point. Below this point is 
plotted the percentage of potash, and also that of iron oxide. To the right of 
the zero point is plotted the percentage of soda which may combine with alumina. 
In this direction, also, may be plotted the percentage of silica. Above the zero 
point is plotted the lime which ma}" combine with alumina, and also the percent- 
age of magnesia. If there is more lime than will satisfy the alumina remaining 
after potash and soda have been satisfied, this lime is plotted to the left of the 
zero point. Triangles are constructed by connecting the end of the potash line 
with that of the soda line, and the soda with feldspathic lime. Magnesia is con- 
nected with nonfeldspathic lime, and this with iron. Two triangles to the right 
of the y axis give an indication of the feldspathic constituents of the rock. The 
other two triangles to the left of the y axis represent the nonaluminous constit- 
uents. Modifications of the diagrams enter when there is an excess of alumina 
over alkalies and lime, and again when alumina is less than the alkalies. 

Michel L^vy in the publication last cited also employs diagrams showing 
curves of variation for the percentages of the chemical components when subdi- 
vided in the manner just described. 

These triangular diagrams have been used by Lacroix in describing the basic 
rocks accompanying the Iherzolites and ophites of the Pyrenees,^ and also in his 



al^vy. A. Michel. Bull. Serr. Carte gtol. France, vol. 9, No. 57, 1897, p. 38 and Pis. VII. VIII. 

h L4yy, A. Michel. Bull. Soc. g^l. France. Sd series, vol. 25, 1897, Pis. X to XV. 

<* Lacroix, A., Compte rendu Congr^s Gtel. International. Eighth session, Paris, 1901, Part II, pp. 834, 835. 
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work on the alkaline rocks of the petrographical province of Ampasindava, 
Madagascar.^ 

In May, 1897, BrOgger* presented a modification of the individual diagrams 
devised by Michel L^vy. This was done in illustrating the chemical composition 
of the group of rocks associated with the laurdalite of the Christiania region. 
BrOgger's diagrams are composed of four coordinates in a plane intersecting in 
a common zero point. One is horizontal, another veilical, and the other two 
inclined, one 60^ to the right, the other 60^ to the left of the vertical axis. On 
these axes are plotted the molecular proportions of the chief oxide components 
of a rock. On the upper vertical axis are plotted the molecules of CaO, on the 
lower vertical axis the AL|0,. On the horizontal axis right and left is plotted 
the SiO„ half and half. On the upper right inclined axis is plotted MgO; on the 
upper left one, the FeO + Fe,0„ indicated separately. On the lower right inclined 
axis is plotted K,0, and on the lower left one Na,0. The extremities of adjacent 
axes are connected by lines. These diagrams show at a glance the relative pro- 
portions of the molecules of the oxide constituents of each rock. The amount of 
CaO capable of being combined with A1,0„ not combined with K,0 and Na,0, 
can be readily found by measuring the lengths of the several axes. The intro- 
du(;tion of the silica and alumina adds to the instruct! veness of this form of 
diagram. 

Diagrams of this type have been employed by Hobbs ^ to express the aver- 
age composition of groups of rocks classed together under various divisions of 
the qualitative system in general use at the present time. In these diagrams the 
inclined axes stand at 45° to the vertical axis. 

Hackman^ has made use of both the Becke and the BrOgger diagrams to 
express chemical relations among the rocks associated with ijolite in Kuusamo, 
Finland. 

Rosenbusch* uses narrow rectangular diagrams to express the relative propor- 
tions of the chemical elements (MetaUatome) in two series of 26 rocks; one, a 
foyaite-theralite series, the other a granitodiorite and gabbro-peridotite series. 

In Februai-y, 1898, the author-^ in an essay on rock classification, and later 
in another essay, made use of diagrams exhibiting the variations of rock analyses 
with reference to percentage of silica and alkali-silica i*atio. These are con- 
structed by using the silica percentages as abscissas, the zero point being to the 



« Lacroix, A., Nout. Arch. Museum Hist. Nat., 4th series, I, Paris, 1902, p. 180 et seq. 

bBr5gger,W. C.,DieEruptivgesteinede8Kristianiagebietes. III. Videnskabeselskabets Schrlfter. I. Math.-Naturv. 
Kl. 1897. No. 6. Christiania, 1896. 

o Hobbs, W. H.. Jour. Geol., vol. 8, 1900, pp. 1-31. 
d Hackman, V., Bull. Com. Geol. FInlande, vol. 11, Helsiiigfors, 1900. 
'Rosenbusch, H., Elemente der Gesteinslehre. Stuttgart, 1896. 
/IddingB, J. P., Jour. Geol., vol. 6. 1896, pp. 92-111, 219-237. 
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right of the diagram, and 100 to the left. The ordinates represent the ratios 
obtained by dividing the sum of the molecular proportions of the alkalies, K,0 
and NajO, by that of silica. The locus of each analysis is indicated by a round 
spot or by figures of other shapes. 

In the same year, 1898, Michel Levy^ presented a new mode of coordination 
of diagrams to represent rock magmas, based in a measure on those just published 
by the author, to some features of which Michel L^vy took exception. These 
diagrams by Michel Levy give the loci of rock analyses referred to two coordi- 
nates in the plane of drawing, and also to a third axis projected on the same plane. 
The abscissas (;/») represent the silica percentages in the "white components" 
(elements blancs) of the rocks compared. The ordinates (t/) represent the sum 
of the percentages of KjO, Na^O, and the CaO which may enter feldspar com- 
bined with AljO,. The third coordinates (z) represent the percentages of MgO, 
FeO, Fe,Os, CaO, and SiOg in the ferromagnesian components of the rocks. The 
loci of the analyses are fixed by the rectangular coordinates x and y. Their 
relation to the axis z is indicated by their position with reference to diagonal 
lines representing the projected traces of certain planes with an inclined plane 
through z. 

The usefulness of this diagram, which appears when the compositions of 
restricted groups of rocks are illustrated, is seriously impaired by repeated over- 
lapping when many kinds of rocks are taken into account. The method undertakes 
to distribute the analyses Avith respect to the relative abundance of the white 
(leucocratic) components — quartz and feldspathic minerals — and the dark (melano- 
cratic) ferromagnesian components in the first instance, and also with respect to 
the silica content of the leucocratic components. 

It is clear that rocks containing various amounts of nephelite, leucite, and 
anorthite molecules with closely similar percentages of silica will be mingled 
together in the same part of the diagram, and that rocks with preponderant 
ferromagnesian minerals, since they are plotted wholly on a basis of characters 
belonging to the subordinate feldspathic minei*als, will be indiscriminately mingled 
in one portion of the diagram. 

In 1899 Loewinson-Lessing,* in his studies of eruptive rocks, an abstract of 
which was presented, without diagrams, to the International Geological Congress 
at St. Petersburg in 1897, makes use of two forms of diagrams, one after the 
method of the author, already alluded to, and another based on the method of 
relative rectangular areas used by Reyer. The diagram represents the various 
molecular proportions of the chemical components of a rock, or may represent 
the average of a group of rocks. It is a rectangular area divided by horizontal 



a Ldvy, A. Michel. Bull. Soc. g6ol. France, 3d series, vol. 26, 1898, Pla. Ill to VI. b Loc. clt. 



HI8TOBI0AL BEVIEW. 15 

lines into spaces whose vertical dimensions correspond to the proportions of SiO, 
IljO,, RO, and R3O in each case. These rectangles are subdivided by vertical 
lines into spaces whose horizontal dimensions correspond to the proportions of 
Al^O, and re,0, in R3O,, of FeO, CaO, and MgO in RO, and of K,0 and ISXO 
in R3O. 

In 1900 Mugge^ devised a form of diagram to express the proportions of 
the chemical components of rocks, based upon some features of Michel Levy's 
and BrOgger's diagrams. Several modifications of the diagram were suggested 
by Mugge. It will be sufficient to describe the form used by him to illusti-ate 
the composition of a number of selected rocks. The relative quantities of the 
oxide components, expressed molecularly, are plotted on four (coordinate axes in 
one plane intersecting in a zero point and making equal angles with one another. 
One is vertical, one horizontal, and two inclined at 46°. The silica is represented 
by an octagonal area, constructed by plotting one-eighth of the total silica plus 
and minus on each axis. The other components are plotted outside this area on 
particular axes by adding their values to the silica already plotted. KjO is 
plotted on the upper left inclined axis, NagO on the upper right one, MgO on 
the lower left inclined axis, CaO on the lower right one. FeO is plotted on the 
lower vertical axis, followed by Fe^Oj in the same direction. Al^Oj is divided 
into three parts, when sufficient, the first, equal molecularly to KjO, is plotted 
to the left on the horizontal axis. A second, equal to the Na,0 is plotted 
upward on the vertical axis, and the remainder of the Al^O, is plotted to the 
right on the horizontal axis. When there is less AljO, than K,0 + NajO, enough 
Fe^Oj is added to Al^Oj upward on the vertical axis to equal NajO. In this 
manner the relative amounts of potash- alumina molecules, soda-alumina molecules, 
and lime-alumina molecules are indicated. 

In 1900 and 1901 Osann* made use of several types of diagi*ams to illustmtr 
chemical characteristics of igneous rocks in his essay on a chemical classification 
of igneous rocks. 

One is a triangular di|igram somewhat similar to that used by Becke, exhib- 
iting the distribution of analyses with respect to three coordinate axes making 
equal angles with one another. The three chemical factors of rocks employed in 
their comparison are chemico-mineralogical to some extent. One factor (A) con- 
sists of the sum of the percentages of K,0 and Na,0 which may be combined 
with Al^O, in equal molecular amount. A second factor (C) represents the per- 
centage of CaO which may be combined with Al^O, in equal molecular amount. 
The third factor (F) represents the sum of the percentages of the remaining CaO, 



a Miiggre, O., Neuea Jahrb. Min,, Geol. und Pal., 1900, vol. 1, pp. 100-112, Plu. V-VII. 
bOsann. A., Min. Pet. Mitth., vol. 19. 1900, Pis. IV-VIII, XXV; vol. », 1901, Pis. Vm-XIV. 
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MgO, FeO. The sum of these is assumed to be a constant, and their relative 
proportions are determined on a basis of 20 units. With these three variables 
the position of a rock analysis within the equilateral triangle is located. 

A second form of diagram expresses the variation in silica and alkalinity in 
certain rocks by means of lines connecting loci of analyses referred to two rec- 
tangular coordinates, the abscissas corresponding to the alkalinity, and the ordi- 
nates to the silica percentage. Another diagram of the same type exhibits the 
variability of different kinds of rock with respect to the relative proportions of 
soda and potash. 

A third form of diagram is composed of narrow rectangles, whose lengths 
correspond to the range of variation in silica ratios for different kinds of rocks. 
The rectangles are placed by the side of one another, with their longer diameters 
adjusted to one ordinate representing values of silica ratios. 

In 1902 Reid« used an equilateral triangle whose sides are divided into 100 
parts, as a basis on which to plot the oxide components of igneous rocks. 

PURPOSE OF THE BIAGRAHS. 

A study of the various diagrams that have been employed by petrographers 
shows that their value depends upon the readiness with which their significance 
may be grasped and the use that is made of them. The first condition varies 
directly as the simplicity of the method of construction, both as to geometrical 
form and as to the factors on which they are based. The simpler the form of the 
diagram and the more characteristic its shape, the more definite the visual 
impression and the stronger the hold on the mind. It is also self-evident that 
the simpler the factors entering into it the better. The quantitative values of 
single rock components are simpler conceptions than intricate ratios and functions 
involving several different rock components. Moreover, a diagram is comparatively 
worthless unless it can be made to convey some definite impression not otherwise 
obtainable, or obtainable only with difficulty. Its employment should have some 
specific object. It is hoped that the diagrams presented in this ]3aper will justify 
themselves and will produce certain definite impressions on the minds of petrogra- 
phers who may study them. 

The author's first purpose in constructing the accompanying diagrams is to 
express in the simplest graphical manner the chief chemical composition of all 
kinds of igneous rocks in a form that will permit the student to compare them 
at a glance and obtain a comprehensive view of the whole range of differences. 

The diagrams are intended to exhibit the manifold character of the variations 
of the chemical components of rocks, and their extent. They are to show the 



aReid, J. A., Bull. Dept. G€ol. Univ. Calliomia, vol. 3, 1902. p. 18. 
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jrradual character of the variations; the transitions from rocks of one cofnpositioii 
to those of another; and the distribution of the rocks throughout the range of 
their variations. 

They are to demonstrate the absence of clusters of analyses in definite parts 
of the whole system and the absence of "natural" subdivisions of rocks on a 
basis of chemical composition. 

They are to show the possibility of continuous series of rocks with diverse 
compositions, and to illustrate the chemical identity of rocks belonging to different 
genetic families. 

Finally the diagrams exhibit the character of the quantitative classification of 
igneous rocks proposed by Cross, Iddings, Pii-sson, and Washington, the range 
of composition of the five classes, as well as of the orders, rangs, and subrangs. 

CONSTRUCTION OF THE DIAGRAMS. 

As will be seen b}^ looking at tha plates, the diagrams are combinations of 
two kinds already in use. They consist of assemblages of individual rock diagrams, 
which are modifications of those devised by Michel Lc^vy and BrCgger, the indi- 
vidual diagrams being arranged in a nuiltiple diagram previously used by the 
author. The first are u^ed to exhibit the chief chemical components of each 
rock taken into consideration; the second, to arrange these in an orderly manner 
for comparison with one another. 

The small, individual diagrams are modified forms of those by BrOgger. They 
are planned to exhibit the relative amounts of the chief oxide components of 
igneous rocks, namely: SiOg, Al^Oj, FcgOj+FeO, MgO, CaO, Na^O, K,0, and 
also TiOj. Other components are usually so slight that they are negligible in 
diagrams of such small scale. Owing to the fact that the small diagrams are 
aiTanged in the large diagram according to the silica, it is not necessary for the 
purposes of this paper to introduce SiO, into the construction of the individual 
diagram. The relative amount of SiOg is expressed by the position of tlie small 
diagram in the large one. This simplifies the small diagmm. 

The chemical components of rocks may be compared with one another as 
oxides of metals or as metals. As oxides, the form in which they are expressed 
in chemical anal3'ses of rocks, they may be compared by means of percentage 
weights or of molecular proportions. As metals they would be compared by 
molecular or atomic proportions. 

The use of oxides instead of metal elements is the more convenient method 
of comparison. It bears a more obvious and direct relation to the rock analysis 
and requires less* effort to appl3\ It is as valuable in the discussion of chemico- 
niineralogical relationships as the use of metal elements. It has, therefore, been 
adopted in constructing these diagrams. 
14474— No. 18—03 2 



18 CHBMICAL COMPOSITION OF IGNEOUS BOCKS. 

The value of basing the comparisous upon molecular proportions instead of 
percentage weights rests upon the fact that the chemical equivalency of the com- 
ponents is molecular or atomic, and that in this form they may be readily con- 
verted into mineral molecules for purposes of discussion and rock classification. 

For purposes of comparison in diagrams of this type it is not necessary to 
reduce the original analysis to a sum of exactly 100. So far as the small indi- 
vidual diagrams are concerned the amount of change produced in the lengths of 
the lines would not be appreciable. Further, all elementary lines in one diagram 
would be affected in like proportion and the shape of the figure would remain 
unchanged, even could the alteration in the length of the lines be made visible. 
It would affect to a variable degree the position of the small diagrams within 
the large one in the direction of the silica abscissa, which will be discussed later. 

The small, individual diagrams are constructed to exhibit the molecular 
proportions of the component oxides: Al^O,, Fe,Oj+FeO, MgO, CaO, Na^O, K,0, 
and TiOj. These are derived directly from the rock analysis by dividing the 
percentage weight of each oxide by its molecular weight. There is no further 
reduction. They are used in the proportions in which they are found in the rock, 
the assumption being that equal weights of different rocks are being, compared. 

Following BrOgger's method, the several values of these oxides are plotted 
on coordinate axes in one place, intersecting at a common zero point. But the 
arrangement is different. For convenience in drawing on square-ruled paper 
the axes chosen are vertical, horizontal, and two at 45^ to these. The simple, 
approximate relation between the sides and hypothenuse of a 45^ triangle, namely, 
that when the hypothenuse is 10 units the sides are 7 units each (more exactly 
7.071) allows the values to be readily plotted hy assuming the diagonal of each 
square of the ruled paper to be 6 and the side 3^. With larger diagrams and 
more exact requirements more accumte methods of plotting may be employed. 

Since the snoiall diagrams are to be compared by means of the multiple one, 
the position of the BrOgger diagrams is inverted to conform more closely to the 
manner of constructing the large diagram. In the multiple diagmm the more 
alkalic, and consequently more alkali-feldspathic, members of the series of rocks 
compared occur in the upper part; the less alkalic, and more ferromagnesian, in 
the lower part. So the alumina and alkalies are placed in the upper part of the 
individual diagrams, the iron and magnesia in the lower. The mode of construc- 
tion is as follows: AljO, is plotted upward on the vertical axis; KjO upward to 
the left on one inclined axis; Na,0 upward to the right on the other inclined 
axis; CaO is plotted downward on the vertical axis; MgO downward to the 
right; FeO+2Fe,03 downward to the left; and TiO„ when present in appreciable 
amount, is plotted to the left on the horizontal axis. The end of the Al^O, 
ordinate is connected by lines with the ends of the K|0 and Na,0 ordinates, 
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producing two triangles having a common side — the Al^O, ordinate — and one 
angle the same in each — 45°. Consequently the areas of the two triangles are 
proportional to the lengths of the K,0 and Na^O ordinates. The relative impres- 
sions produced by these two triangles^ colored green and yellow in the diagrams, 
are quantitatively the same as the relations between the molecular proportions of 
B^jO and Na,0 in the rock. 

The end of the CaO ordinate is connected with the ends of the MgO and 
FeO+SFcjOj ordinate, making two triangles, colored blue and red in the diagrams, 
whose areas bear the same proportion to one another as the ratio between the 
molecules of MgO and the iron converted to FeO. 

When TiOj is represented, the end of its ordinate is connected with that of 
the FeO ordinate. 

The FeO and Fe,Os *^re combined chiefly for simplicity, and the Fe^O, is 
reduced to FeO because there is then a more uniform basis of comparison and a 
means of avoiding, the analytical defects or errors in the determination of the 
two oxides of iron. The combination prevents a proper conception of the 
possibilities of mineral molecular conilrination so far as the iron is concerned, 
but this is beyond the adaptability of the diagrams in a strict sense. 

It is evident that diagrams constructed on the molecular proportions of 
the oxide components of rocks may be easily converted into others, based on the 
proportions of the metal elements, by doubling the lengths of the three upper 
ordinates, AI2O3, K,0, Na,0. The upper half of each diagram would be double 
its former size, while the angular shape of the whole would remain the same. 

The multiple diagi-am, bj- which the small individual ones are arranged for 
comparison and study, is constructed in the manner already described in the 
article on rock classification previously cited. It is intended to exhibit the dis- 
tribution or variation of igneous rock analyses with respexit to the silica and 
alkalies. The reasons for choosing these two factors are: First, the important r61e 
played by silica, the most abundant chemical component, and that which is domi- 
nant in the development of quartz, orthoclase, albite, leucite, or nephelite, ortho- 
rhombic pyroxene or olivine; second, the equally important r61e played by the 
alkalies in conditioning the character of the feldspathic mineral components of 
rocks, which are the preponderant ones in the great majority of cases; third, 
the fact that the other chemical components — lime, magnesia, and iron oxide — 
sustain to a considerable extent a reciprocal relation to those just mentioned. 
The greater the silica the less the content in lime, magnesia, and iron oxide. 
The same is true in general for the alkalies and these oxides. 

One of the chief purposes of the diagram is to distribute the rocks in an 
orderly manner, so that unlike rocks shall be separated from one another as 
widely as possible and gradations between the extremes shall be made evident. 
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The silica is made the abscissa because it is the greater component and has 
the widest range. It is plotted in percentages instead of molecular proportions 
because the process is simpler, and as it is not brought into immediate quantita- 
tive relations to the linear elements of the individual diagrams there is no occasion 
for its quantitative linear comparison with them. Moreover, the large diagram 
could not be constructed on the same scale of units as the individual diagi*ams. 
It is therefore simpler and more convenient to use the percentage of silica given 
in the analyses. 

The vertical ordinates represent the ratio between the sum of the molecular 

proportions of the alkalies (B;0 + Na,0) and of the silica - S^^^^)^ xhis 

ratio was selected because of the relation between the development of the alkali- 
feldspathic minerals in highly feldspathic rocks and tlie ratio between the alkalies 
and silica in their magmas; the more siliceous ones yielding more orthoclase or 
albite, the less siliceous ones more leucite or nephelite. It is not a definite 
relationship in rocks generally, and, as Michel L^vy has pointed out, the 
character of the diagram would not have been altered materially had the vertical 
ordinates been made to correspond directly to the sum of the alkalies. In this 
case the curved lines which represent the loci of pure quartz-albite-nephelitc 
rocks and quartz-orthoclase-leucite rocks would be straight lines instead of 
hyperbolas, as in the diagrams here used. There would be a slightly different 
vertical spacing of the analyses on individual diagrams. They would be spread 
more on the left side of the ordinate of 60 per cent SiO„ and condensed more 
on the right of it. The multiple diagrams would be more simply constructed. 
Otherwise the results would be alike. 

With diagrams constructed by using ratios between two or more rock 
components it matters not whether the analyses discussed by it are reduced to 
anhydrous compounds, or whether their summation is exactly 10(). The ratio 
between the alkalies and silica is not affected by readjusting the analysis. The 
ordinate of an analysis so located is not changed by readjusting the percentages 
in the analysis, but the abscissa would be affected by changing the silica 
percentage. The position of an analysis would be shifted horizontally to the left 
or right according as the percentage of silica is raised or lowered. 

The zero point of each individual diagram is located in the multiple diagram 
by reference to the silica percentage and the alkali-silica ratio of the analysis 
it represents. In some instances several individual diagrams belong so close 
together that they would overlap, so as to prevent their shapes from being easily 
seen. One or more of them is moved to the nearest available space in the 
multiple diagram. From this it happens that the distribution of the analyses in 
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the large diagram is not strictly correct in the more crowded portions of it. 
A more exact representation of the distribution is given in another form of 
multiple diagrams on a smaller scale, in which round spots take the place of 
the individual diagrams. 

BOCK ANAIiYSBS USED IN CONSTRUCTING DIAGRAMS. 

Having described the methods by which the diagrams are constructed, a 
more important matter to be considered is the data to be used — the rock analyses 
to be compared by them. 

Analyses have been selected from all sources available, but not all analyses. 
It is important that they be correctly made and from good material. These 
conditions, however, can not always be recognized or known without careful 
study of the publications in which the analyses appear, and not always then. 
The collection is not above criticism in this respect. However, care was exer- 
cised to omit obviously defective analyses, as well as those from plainly declared 
altered rocks, except in cases where the altered form may be assumed to corre- 
spond approximately to the fresh rock, with the addition of water of. hydration. 
For the strongly ferromagnesian rocks such analyses have been taken sometimes 
in default of better. 

The analyses represent as many varieties of igneous rocks as could be found, 
with as wide a range as possible. Many analyses closely similar to those intro- 
duced into the large diagrams have been omitted because there was not space 
for them. Consequently the diagrams do not show the proper proportions between 
the commoner and rarer varieties of rocks. This can be shown by plotting the 
loci of all acceptable analyses by means of spots in a multiple diagram of fairly 
large scale. This has been done in constructing the diagram on PI. VIII, which is 
composed of 2,000 analyses. 

It was thought unnecessary to reprint the analyses themselves, for the reason 
that nearly all of them will be found in the collection of rock analyses made by 
Dr. Henry S. Washington and published by the United States Geological Survey,** 
and a large part of them also in Bulletin of the United States Geological Survey 
No. 168. Many of them will be found in Rosenbusch's Elemente der Gesteinslehre. 
So that these collections should be used in connection with the diagrams. For this 
reason reference is given in many cases to these publications, and to others 
where numerous analyses are assembled, instead of to the original sources, as 
the more convenient method of finding them. 

A list of the analyses used in the diagrams is given. Their positions on 
the diagrams may be found by means of the silica percentage and alkali-silica 

a Chemical analyaed of igneous rocki* from 1884 to 1900: Prof. Paper U. S. Geol. Soxrey No. 14. 
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ratio, which are stated in each case, besides the position given them when placed 
differently. 

They are classified according to the quantitative classification, and the author 
wishes to express his thanks to Dr. Washington for the labor he has bestowed 
on the comparison of the list with his collection and for the correction of errors 
that appeared in the list. He is indebted to him also for valuable additions to it. 

The list is far from complete, and petrographers may add to it and to the 
diagrams data which should have been included. But it seems as though enough 
has been introduced to accomplish the purpose for which the diagrams were 
prepared. 

In order to shorten the references in the lists, a number of abbreviations 
are used which are given alphabetically. 

ABBREVIATIONS EMPLOYED IN BIBUOGRAPHIG REFERENCES. 

A. G American Geologist. Minneapolifl. 

A. J. 8 American Journal of Science. New Haven. 

A. W. B Sitzungsberichte der Konig. Preui»8. Akad. der WiaHen«*h. Berlin. 

A. W. W Sitzungsberichte der K. Akad. Wiflsensch. Wien. 

B. C. G. F Bulletin de la CommisHion g^ologique de Finlande. Helsingfors. 

B. G. 8. A Bulletin of the Geological Society of America. Rochester. 

B. M. A BergenB Museums Aarbog. 

Bull. 168 Bulletin of the U. 8. Geological Survey, No. 168. Washington, 1900. 

C. G. I Congn^s g^ologique International, Compte Rendu, VIII session. Paris. 

E. K Die Eruptivgesteine des Kristianiagebietes, W. C. Bri*)gger. Christiania. I, 

1894; II, 1895; III, 1898. 
G. C Untersuchung einiger Gesteinssuiten gesammelt in Celebes, von P. and F. 

Saraain. C. Schmidt, Wiesbaden, 1901. 

G. F. S. F Geol. Foren. i Stockholm Forhandl. 

I. R. A The igneous rocks of Arkansas: vol. 2 of Ann. Rept. Geol. Surv. Arkansas. 

J. G The Journal of Geolog>'. Chicago. 

O. N Recherches g^ologiques et p^trographiques sur I'Oural du Nord, Dupan^ 

et Pearce. Part I. Geneva, 1902. 
M. M Materiaux pour la Min^ralogie de Madagascar, A. Lacroix. Nouvelles 

Archives du Museum. 4th series, Vol. I. Paris, 1902. 

N. J Neues Jahrbuch f iir Mineralogie, Geologie, etc. 

Q. J. G. S Quarterly Journal of the Geological Society of Ix>ndon. 

Rosenbusch, Kl Rosenbusch. Elemente der Gesteinslehre. Stuttgart, 1898. 

R. T Roth's tables of rock analyses. Beitrage zur Petrographie der Pluton- 

ischen Gesteine. Berlin. 

S. M. Q School of Mines Quarterly. New York. 

T. M. P. M Tschermak's Min. u. Petr. Mitth. Vienna. 

W. T Washington's tables of chemical analyses of igneous rocks from 1884 to 1900. 

Professional Paper U. S. Geological Survey, No. 14, Washington, 190:i. 

Z. D. g. G Zeitschrift d. Deutschen geol. Gesellschaft. Berlin. 

Z. K Zeitschrift fiir Krystallographie. 

Z. P. G Zeitschrift fiir Praktische Geologie. Berlin. 

Fortieth Par U. 8. GeoL Expl. Fortieth PtaJlel. Washington. 
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CLASSIFIED LIST OF AHALTSES USED IN COKSTETJCTING DIAGEAHS. 

CLASS I. PERSALANE. 

Order 3. Columbare. 

Rang 1. Alaskasb. 

SUBBANO 1. . 

(I. 3, 1, 1.) 



Silica 
con- 
tent. 


Alkali^lica 
ratio. 


Author's name. 


l/ocality. 


Reference. 


79.26 


0.067 


Porphyry 


Han Mountains 


R.T.,1861,7. 









SUBBANO 2. MaODKBUBGOSX. 

(I. 8, 1, 2.) 




Quartz-porphyry 
Felslte-porphyry 

Granite 

RhyoUte 

Qranlte 



Blowing Rock, Watauga County, N. C, 

Fichtelgebirge, Bavaria 

Crystal Falls district, Mich 

Silver Cliff, Colo 

Pikes Peak district, Colo 



Bull. 168, 62.— W. T. 
R. T.. 1879, XX. 
Bull. 168, 66.— W. T. 
Bull. 168, 149.— W. T. 
Bull. 168, 142.— W. T. 



SUBBANO 3. ALABK08K. 

(I. 3, 1, 8.) 



80.24 
79.57 
77.68 
77.68 
77.59 
77.33 
77.20 
77.06 
77.03 
77.02 
76.87 
76.73 
76.10 
76.84 
75.62 
74.70 
74.24 
73.11 



0.070 
.070 
.077 

.075 (77.6) 
.069 

.079 (.078) 
.060 
.080 
.081 (76. 8-. 082) 
.077 (77.1) 
.078 

.077 (76.6) 
.068 
.061 

.080 (75.7) 
.083 
.069 
.082 (73.0) 



Granite 

Rhyolite 

Granitile 

Quartz-porphyry . . 

Rhyolite 

Alaskite 

Quartz-porphyry .. 

Aplite 

Granitlte 

Granite 

Aplite 

Aplitic granophyre. . . 
Muscovite-granite . . 

Tordrillite 

Obsidian 

do 

Rhyolite 

Pitchjstone 



Wexford, Ireland , 

Montgomery County, N. C , 

Eldorado County, Cal 

Tryberg Fall, Black Fore«t 

Hauraki Goldfleld, New Zealand. . 

Tordrillo Mountains, Alaska 

Kroftkollen, Norway 

Butte, Mont , 

Pikes Peak district, Colo 

Platte Canyon, Colo , 

Butte, Mont , 

Hennum, Norway 

Omeo, Victoria 

Tordrillo Mountains, Alaska 

Obsidian Cliff, Yellowstone Park. 

do 

Plumas County, Cal 

Rodta, Colo 



R. T., 1861-2. 

Bull. 168, 63.— W. T. 

Bull. 168, 199.— W. T. 

N. J., 1883, II, 29.— W. T. 

Q. J. G. S., 1899, LV, 467.— W. T. 

Bull. 168, 228.— W. T. 

Z. K., XVI, 77.— W. T. 

Bull. 168. 118.— W. T. 

Bull. 168, 142.— W. T. 

Bull. 168, 164.— W. T. 

Bull. 168, 118.— W. T. 

Z. K., XVI, 77.— W. T. 

Trans. R. S. Vict.— W. T. 

Bull. 168, 229.— W. T. 

Bull. 168, 104.— W. T. 

Do. 
Bull. 168, 178.— W. T. 
Bull. 168. 160. -W. T. 



83.08 
82.80 
76.00 
75.19 



0.064 
.049 
.067 
.076 (75.1) 



SUBBANO 4. 

(1.3.1,4.) 



Spherulltic rock 

Perllte 

Granite 

Rhyolite 



Wales 

Monte Menone 

Plumas County, Cal 

Madison Plateau, Yellowstone Park 



Teall, British Petrography,] 
R. T.,1869, XC. 
Bull. 168, 187.— W. T. 
Bull. 168, 106.— W. T. 
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Silica 
con- 
tent. 



83.57 
K0.42 
77.32 



Classified liM of analyses used in constructing diagrams — Ck>ntinued. 

SUBBANO 6. WBSTPHALOSX. 

(I. 8, 1, 6.) 



Alkali-Silica 
ratio. 



Author's name. 



Locality. 



0.063 
.059 
.061 (.083) 



Qaartz-keiatophyre . . ; Westphalia 

do ' do 

Granite Roddo, Sweden 



Reference. 



N. J., : 
N. J., 
W. T. 



8, Vni, 616.— W. T. 
8, VIII, 682.— W. T. 



Rang 2. Alsbachass. 

SUBBANQ 2. MlHALOBB. 
(I. 3, 2, 2.) 



73.15 
78.07 
T2. 68 
70.59 



0.065 
.074 
.054 
.057 



Rhyollte. 

do... 

; do... 

! do... 



Nagy-M ihaly, Hungary . 

Washoe, Nev , 

NagT-Mlhaly, Hungary. , 
....do 



SUBBANO S. TEHAMOBB. 
(I. 8, 2, 8.) 



I 
79.95 ; 0.049 



77.84 ' 
76.12 
75.89 I 
75.34 I 
75.21 I 
74.66 ' 
74.41 ' 
74.34 ' 
73.62 I 
72.37 
72.16 
72,04 
72.01 
71.46 



.059 

.069 (75» 

.076 

.072 

.074 

.067 

.072 

.079 (73.7) 

.056 

.067 

.058 

.073 

.054 



78. 75 


0.052 


77.85 


.052 


74.65 


.064 


74.13 


.077 


73.08 


.080 (72.9) 


72.89 


.056 



Felsite-porphyry . 

ApIIte 

Granitite 

Rhyollte 

do 

Granitite 

Rhyollte 

Granite 

Rhyollte , 

do 

Granitite 

I do 

do 

I Quartz-porphyry . 

Granitite 



W.T. 

Bull. 168, 174.— W. T. 
W.T. 
Do. 



Bohemia 

Kirnechthal, Voages 

Riesengeblrge, Silesia 

Mount Sheridan, Yellowstone Park. 
Elephants Back, Yellowstone Park . 

RiesengebixKC, Silesia 

Tehama County, Gal 

Riesengeblrge, Silesia 

Butte district, Mont 

Tehama County, Cal 

Riesengebiiige, SUesla 

do 

do 

Eureka, Nev 

Sykesville, Md 



R. T., 1884, XVIII. 
Rosenbusch, El., 207. 
N. J., 1898, XII, 233.— W. T. 
Bull. 168, 105.— W. T. 

Do. 
N. J., 1898, XII, 233.-W. T. 
Bull. 168, 178.— W. T. 
X. J., 1898, XII, 233.— W. T. 
Bull. 168, 119.— W. T. 
Bull. 168, 178.— W. T. 
N. J., 1898, XII, 282.— W. T. 

Do. 

Do. 
U. S. Q. S., Mon. XX, 228. 
Bull. 168, 47.— W. T. 



SUBBANO 4. ALBBACH08K. 
(I. 8, 2, 4.) 



Granite Storgord, Finland 

do Riesengeblrge, Silesia 

Granitite do 

Alfbachite I Melibocus, Odenwald 

Rhyolite Waihi, Haurakl, New Zealand 

Granitite | Riesengeblrge, Silesia 



R. T., 1869, XL. 

N. J., 1898, XII, 238.— W. T. 

. Do. 

Rosenbusch, El., 207.— W. T. 

Q. J. G. S., 1899, LV, 467.— W. T. 

N. J., 1898, XII, 282.— W. T. 



74.79 ; 0.067 



I 



SUBRAKO 5. YUKONGSE. 
(I. 3, 2, 5.) 



Tonallte-aplite Yukon River, Alaska Bull. 168, 229.— W. T. 



ROOK ANALYSES USED IN CONSTBtTCTING DIAGRAMS. 

ClasHiJied lint of analyneji used in constructing diagrams — Cbnimued. 

Rang 3. Riesbnabb. 

SlTBRANG 2. . 

(I. 3,3,2.) 
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Silica I 
con- . 
tent. I 



Alkali-AilioA 
ratio. 



Author'N name. 



72.11 


0.041 


71.14 


.066 


66.86 


.062 



"Schliere" in granite 

Tdscanitc 

Granite-porphyry 



Ixx'ality. 



Riescngebirgc, Silesia . 

Rooca Strada, Italy 

Nieder Modau, HesBe. . 



Reference. 



N. J., 1898. Xn, 236.— W. T. 

J. Q., V, 363.— W. T. 

W.T. 



SUBRANO 3. RlBSENOflB. 
(I. 8, 3, 3.) 



76.82 


0.087 


75.27 


.086 


76.21 


.048 


78.00 


.049 


72.92 


.040 


72.71 


.038 


69.04 


.047 



Granitite Riesengebiige, Silesia 

Granite ' do 



Granitite . 
Toscanite. 
(}ranitite . 
....do.... 
do.... 



.do. 



Rocca Strada, Italy 

Rlesengebirge, Silefda . . 

....do 

.....do 



N. J., 1898, XII, 283.— W. T. 

Do. 

Do. 
J. G., V, 863.- W. T. 
N. J.. 1898, XII. 282.— W. T. 

Do. 
N. J., 1898, XII, 234.— W. T. 



76.13 0.055(76.2) 
72.81 1 .041 



SUBRANO 4. 

(I. 3, 3, 4.) 



Granite I Rieflengebirge, Silesia . 

Granitite do 



N. J., 1898, XII, 233.— W. T. 
N. J., 1898, XII, 232.— W. T. 



72.24 
66.99 



0.062 
.061 



SUBBANO 5. VULCAKOBB. 
(I. 8, 3, 6.) 



Quartz-diorite - p o r 
I phyry. 



Calaveras County, Cal. 
Vulcanite ; Vulcano, Lipari 



Bull. 168, 203.— W. T. 

B. Q. S. A., V, 601.— W. T. 



68.87 0.028 



Rang 4. ^— 

SUBRANQ 2. — 
(I. 8, 4. 2.) 



* Schlit're " in granite Riesengcbirge, Silesia N. J., 1898, XII, 286.— W. T. 
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75.20 
76.07 
74.62 
74.24 
71.09 
70.91 
68.99 
68.87 



CHEMICAL COMPOSITION OP IGNEOUS ROCKS. 
Clasgified liM of analyses used in construding diagrams — Gontinaed, 

Order 4. Britannare. 

Rang 1. Liparaab. 

BUBRANO 1. LBBACfHOea. 
(I. 4. 1, 1.) 



BiUca 
con- 
tent. 


Alkali-dlica 
ratio. 


Author's n&me. 


Locality. 


Reference. 


69.06 


0.117 (69.3) 
.107 


Quanx-orthoclMite. . . 
Quarts-porphyry 


Thiirlngerwald, Pruwia 


W.T. 


88 18 


Hummelbcrig, Pnuwia 


Do. 









0.096 
.084 
.095 
.089 
.112 
.121 
.115 
.084 



SUBXAMO 2. OMBOBB. 

(L 4. 1, 2.) 



Rhyolite . 
....do.... 



SUver Cliff, Colo ' Bull. 168, 149.— W. T. 

Pine Nut Canyon, Nev I Fortieth Par., I, 652. 

do I Humboldt Sink Qroup, Ner DO. 

Rapaklwi Uvland, Finland R. T., 1878, X. 

ApUte Satteljoch. PredaMO, Tyrol I K. A. W. W., CXI, 1, 266. 

Graphic granite Omeo, Victoria ' Tran*. R. 8. Vict— W. T. 

Pitchstone j Ponxa, luly | R. T., 1879, LII. 

Granite Omeo, Victoria \ Trans. R. 8. Vict— W. T. 



SUBBANG 3. LiPABOeB. 
(L 4. 1, 3.) 



77.61 


0.088 
.092 
.092 
.068 
.091 
.092 

.094 (75.6) 
.094 
.089 
.062 
.085 
.094 
.084 
.098 
.090 
.096 
.100 
.100 

.094 (73.4) 
.106 
.085 
.104 
.098 
.099 
.098 
.101 
.107 


Granite 


Cape Ann, Man 

Magnolia, Mam 

Hochland 

Alaska 


J. G. VI, 793.-W. T. 
J. G. VII, 113.-W. T. 
R. T., 1869, XLII. 
Bull. 188, 228.— W. T. 
Bull. 168, 172.-W. T. 
Z. K., XVI, 77.-W. T. 
Bull. 168, 106.— W. T. 
A. J. S., XII, 1902, 180.— W 
Fortieth Par., I, 652. 
Bull. 168, 119.— W. T. 
Bull. 168, 142.— W. T. 
Bull. 168, 129.— W. T. 
Bull. 168, 46.-W. T. 
Rosenbusch, El., 257.-W. 
Bull. 168, 156.— W. T. 
BiUl. 168, 219.— W. T. 
J. G., VI. 793.— W. T. 
Bull. 168, 25.— W. T. 
Bull. 168, 142.— W. T. 
T. M. P. M., XV, 439.— W. 
A. J. S., XX, 1881, 25. 
Bull. 168, 24.— W. T. 
Bull. 168, 129.— W. T. 

Do. 
Bull. 168, 60.— W. T. 

A. J. 8., XXI, 1881, 25. 

B. G. 8. A., X. 876.-W. T. 




76.40 


Pai«anite 




76.83 
76.30 


Graphic granite 

Alaaklte 




76.20 


OfvriiliAfi H"i, w. M^« 




76.05 
75.71 


Aplltic granophyre. . . 
Rhyollte 


Konerudwege, Norway 

Great Paint Pota, Yellowptone Park.. 
iRkamn BaT. Siberia 




75.44 


Oomendite 


. T. 


75.44 


Rhyolite 


T^^Y\ Cn>^ir Monntainff, Nev . 




75.30 


do 

Granitite 


Rimini, Mont 




75.17 


Pikes Peak district, Colo 

Castle Mountain district, Mont 

Brookville. Md 




74.90 


Rhyollte 




74.87 


f*TRnItfl....x....xx.x 




74.76 


Comendite 


Comende, San Pietro, Sardinia 

Chalk Mountain, Colo 

Mono Craters. Cal 


T. 


74.45 


Rhyolite 




74.06 


Obddlan 




78.98 


Granite 


Quincy, Mass 

Mount Ascutney, Vt 




73.69 


Granite-porphyry 

Granitite 




73.51 


Pikes Peak district, Colo 




78.35 


Paisanite 


Mosques Canyon, Tex 

Albany, N.H 

Mount Ascutney, Vt 


T. 


73.09 
73.03 


Granite-porphyry 

Syenite-porphyry 

Aplite-granite 

Granite 




72.88 
72.48 


Castle Mountain district, Mont 

do 




72.35 


do 


Ironton, Mo 




72.26 


do 


Albany, N. H 1 




72.06 


do 


Stony Creek, Conn 





KOCK ANALYSES D8ED IN OONSTRtrOTINa DIAGBAX8. 
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Classified list of analyses ussd in constructing diagrams — Continued. 
SuBRANG 3. LiPAROBB— Continued. 



Silica 
con- 
tent. 



71.90 
71.88 
71.67 
71.66 
71.49 
71.07 
70.92 

70.23 
70.09 
70.01 
69.91 
69.89 
68.96 
68.71 
68.66 

68.34 
66.40 



AlkaU-silica 
ratio. 



.102 
.096 
.101 
.086 
.109 
.087 
.096(70.7) 

.113 
.092 
.118 
.119 
.098 
.144 
.114 
.110(68.5) 

.129 

.097 (66.7) 



Author's name. 



Granltite 

Porphyry 

Quart2-porphyr>' 

Pitch.stone 

Quartz-porphyry 

Granite-porphyry ... 
Rhyolite 

Keratophyre 

Orthocl ase-porphyry 

Obsidian 

i£girite-granit« 

Rhyolite 

Grorudite 

Quartz-pantellerite . 

Granite -syenite - por- 
phyry. 

Quart2-8yenite 

Quartz - syenite - jwr- 
phyry. 



Locality. 



Mount Aflcutney. Vt 

Ironton, Mo • 

Castle Momntain district, Mont 

Silver Cliff, Colo 

Gislerud, Norway 

Albany, N.H 

U^er Geyser Basin, Yellowstone 

Marblehead Neck, Mass 

Comon, Tyrol 

Palmerola, Italy 

Mlafik, Ural Mountain.*) 

Nathrop, Colo 

W. Aker, Norway 

Vieja Mountains, San Carlos, Tex.. . 
Little Rocky Mountains, Mont 

Bearpaw Mountains, Mont 

Tjelebua, Norway 



Reference. 



Bull. 168, 24.— W. T. 
Bull. 168, 60.— W. T. 
Bull. 168, 129.— W. T. 
Bull. 168, 150.— W. T. 
Z. K., XVI, 46.— W. T. 
A. J. 8., XXI, 1881, 26. 
Bull. 168, 104.— W. T. 

Bull. 168, 34-— W. T. 

R. T., 1879, XXVin. 

R. T., 1879, Lll. 

A. J. 8., XIII, 1902, 180.— W. T. 

Bull. 168, 164.— W. T. 

E. K., 1, 199.— W. T. 

Bull. 168, 6L— W. T. 

Bull. 168, 134.— W. T. 

Bull. 68, 136.— W. T. 
Z. K., XVI, 46.-W. T. 



75.92 
73.61 
73.50 

72.66 
72.46 
71.66 



77.66 
75.78 

75.46 



SUBRANO 4. KaLLXRUDOSK. 
(I. 4. 1. 4.) 



0.093 (76. 8-. 094) 
.089 
.096(73.8) 

.099(72.8) 

.096 

.119 



Granitite 

Rhyolite 

Quartz -bearing bos- 
tonite. 

Rhyolitic pitchstone 

Rhyolite 

Soda granite 



Pikes Peak district, Colo 

Oyacachi, South America 

Ampangarinana, Madagascar 

Castle Mountain district, Mont 

Guomani, Ecuador, South America . 
Hougnatten, Norway 



Bull. 168, 142.— W. T. 
R. T., 1879, LIV. 
M. M.. 65. 

Bull. 168, 129.— W. T. 
R. T., 1879, LIV. 
E. K., I, 198.— W. T. 



SUBRAKG 6. NOTANGOSR. 

(L4.1.5.) 



0.087 (77.9-.08G) 
.091 



.097 



Quartz-keratophyre . . 
Granite 

Soda-rhyolite 



Omeo, Victoria Rosenbusch, El., 260.— W. T. 

Rice Point, Duluth, Minn 21st Ann. Rept., Surv. Minn., 41.- 

W. T. 

Berkeley, Cal Rosenbusch, EL, 260.— W. T. 



69.19 



Rang 2. Toscanabr, 

SUBRANO 2. DRLLRNO0R. 

(I. 4, 2, 2.) 




Granite... 
Dellenite . 
Toscanite. 
do.... 



Tryberg Fall, Schwarzwald N. J., 1883, II. 

DeUen, Helsingland, Sweden E. K., II, 59.— W. T. 



Monte Cucco, Italy , 

Tolfa, Italy 



J. G., V, 
Do. 



2.— W. T. 



28 



CHEMICAL COMPOSITION OF IGNEOUS ROCKS. 
Ckutijied litt of analyses used in cofulruciing diagrams — Continued. 

SUBRAKO 8. ToeCANOU. 

(I. 4. % 8.) 



Silica 
con- 
tent. 



76.48 
76.08 
76.00 
76.97 
76,74 
75.08 
76.01 
74.96 
74.60 
74.49 
74.87 
78.84 
78.70 
73.64 
78.61 
78.88 
78.12 
72.67 
72.40 
71.86 
71.79 
71.78 
71.68 
71.12 
71.08 
70.87 
70.76 
70.66 
70.64 
70.46 
70.29 
69.96 
69.96 
69.94 
69.68 
69.62 
69.46 
68.88 

68.68 
68.60 
68.68 
68.66 
68.42 
68.40 
68.36 
67.46 
67.44 

67.12 
67.04 

66.60 



AlkaUHdUca 
nUo. 



0.087 
.061 
.067 

.079 (76.1-.078) 
.086 
.084 
.066 
.068 
.061 



(76.0) 
(76.1-.068) 



(74.6) 



.066 
.088 
.092 
.068 
.097 
.080 
.087 
.090 
.086 
.087 
.062 
.086 
.070 
.098 
.084 
.092 
.060 
.106 
.107 
.084 
.101 
.089 
.096 
.092 
.087 
.108 
.097 
.100 

.077 
.107 
.100 
.096 
.068 
.112 
.106 
.084 
.104 

.062 
.107 

.111 



(72.0) 
(71.7) 



(71.0) 



(70.7) 



(70.1) 



(68.7) 



(68.2) 
(68.2) 



Author's name. 



Locality. 



Aplite 

do 

Granodlorite^plite 

Aplit« 

Granite j 

Obddlan ' 

Alaskite 

Rhyollte 

do 

do 

Granitlte 

RhyoUte-perlite 

Granite 

Rhyollte 

Obflidlan 

Granite 

Quartz-porphyr>' 

Granite 

RhyoUte 

do 

Granitlte 

Granite 

Granitlte 

RhyoUte 

Granodlorite 

Rhyollte 

Granite 

Rhyolite 

.Sgirlte-granite 

Granite 

Rhyollte 

Dacite 

Quarts-porphyry 

Granite 

Granite-porphyry 

Trachyte 

Rhyolo-trachyte 



Reference. 



Quartz- syenite - p o r - 
phyry. 

Granite 

Granite-porphyry ... 

Granite 

....do 

Quartz-monzonlte . . . 

Granite 

Nordmarkite 

Granodlorite 

Granite-syenite- p o r- 
phyry. 

Granite 

Quartz-syenite - p o r • 
phyry. 

Akerite 



Daigo. Victoria 

Sierra County, Cal 

Downieville area, Ca\ 

Sierra County, Cal 

Lier, Norway 

Laguna de Marlcunga. Chile 

Alaska 

Montezuma Mountains, Kev 

Shasta County, Cal 

Thomas Range. Utah 

Crazy Mountains. Mont 

Midway Ba«in, Yellowstone Park — 

Peterhead, Scotland 

Lassen trail, Tehama County, Cal — 

Modoc County, <3al 

Lake Raslangen, Sweden 

Little Belt Mountains, Mont 

Guilford. Md 

Mount Stover, Cal 

Tower Creek, Yellowstone Park 

Woodstock, Md 

Cottonwood Canyon, Utah 

Rlesengebixge, Silesia 

Ponza, Italy 

El Capltan, Yosemite. Cal 

Pennsylvania Hill, Silver Cliff, Colo . 

Amador County, Cal 

Ponza, Italy 

Loken, Norway 

Dorseys Run, Md 

Harlequin Canyon, Nev 

Washoe, Nev 

Butte district, Mont 

Ironton, Mo 

Little Belt Mountains, Mont 

Pikes Peak district, Colo 

Sunset Peak, Mont 

Squam Light, Mass 



Eureka, Nev 

Little Belt Mountains, Mont 

West Humboldt Mountains, Nev. 

Shap, England 

Hailey, Idaho 

Millstone Point. Conn 

Gloucester, Mass 

Eldorado Canyon, Cal 

Little Belt Moimtains, Mont 



Boulder, Mont 

Little Belt Mountains, Mont . 

Gloucester, Mass 



Trans. R. 8. Vict.— W. T. 
Bull. 168, 192.— W. T. 
J. O.. VII. 160.— W. T. 
Bull. 168. 192.— W. T. 
Z. K., XVI, 77.— W.T. 
Z. D. J., G. LI, 4. 
Bull. 168, 228.— W. T. 
Fortieth Par., I, 652, 
Bull. 168, 178.— W. T. 
Bull. 168, 168.— W. T. 
Bull. 168,120.— W.T. 
Bull. 168,108.— W.T. 
R. T., 1884, XIV. 
Bull. 168,178.— W.T. 
Bull. 168,217.— W.T. 
W.T. 

Bull. 168,125.— W.T. 
Bull. 168,46.— W.T. 
Bull. 168,178.— W.T. 
Bull. 168,104.— W.T. 
Bull. 168,46.— W.T. 
Fortieth Par., 1, 110. 
N. J., 1898, XII, 282.— W.T. 
R. T., 1879, LIL 
Bull. 168, 207.— W.T. 
Bull. 168,149.— W.T. 
Bull. 168,200.— W.T. 

Z.K..XVI,67.-W.T. 
Bull. 168,47.— W.T. 
Fortieth Par., I, 662. 
Bull. 188,174.— W.T. 
Bull. 168,119.— W.T. 
Bull. 168,60.— W.T. 
Bull. 168, 126.— W. T. 
Bull. 168, 146.— W. T. 
Bull. 168, 106.— W. T. 
J. G., VII, 109.— W. T. 

U. S. G. S., Mon. XX, 228. 
Bull. 168, 125.— W. T. 
Fortieth Par., 1, 110. 
Q. J. G. S., 47, 276 
Bull. 168, 137.— W. T. 
B. G. 8. A., X, 876.— W. T. 
J. G., VI, 800.— W. T. 
BuU. 168, 199.— W. T. 
Bull. 168, 127.— W. T. 

Bull. 168, 118.— W. T. 
BulL 168, 127.— W. T. 

J. G., VI, 798.— W. T. 



BOOK AITALTBKS USED IN OOITSTBUCTIirO DIAOBAX8. 
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Clarified list of analyses used in constructing diagrams — Continued. 
SlTBRANG 8. ToscANoes— Continued. 



Silica 
con- 
tent. 



76.60 
78.27 
73.00 
72.69 
71.74 
71.19 
70.36 
69.93 
69.66 
69.56 
69.51 
69.00 
68.72 
68.65 
68.32 
68.10 
67.89 
67.66 
67.49 

67.49 
67.42 
67.01 
66.46 
66.30 
66.28 
65. H7 
65.78 
65.64 
64.98 
62.58 



Alkali-Bilica 
ratio. 



I 



Author's name. 



Locality. 



Reference. 



66.12 


.123 (66.8) 


66.58 


.094 


66.32 


.096 


66.06 


.092 


64.76 


.094 


64.64 


.114 (64.5) 


64.62 


.118 


64.67 


.096 


64.49 


.108 


62.33 


.110 



Bull. 168, 146.— W. T. 
RoHenbusch, El., 269.— W. T. 

Do. 
J. G., V, 362.— W. T. 
Rosenbusch, £1., 260.— W. T. 



Trachyte WIcher Mountain, Colo 

do Monte Amiata, Italy 

do do 

Toflcanite do 

Trachyte • do 

Syenite Little Belt Mountainn, Mont ' Bull. 168, 126.— W. T. 

Diorite Mount Ascutney, Vt ! Bull. 168, 25.— W. T. 

ToBcanite Bracciano, Italy ' J.G.,V,3e2.— W. T. 

Porphyrite Cmzy Mountainn, Mont Bull. 168, 120.— W. T. 

Latite Clover Meadow, Tuolumne County. Bull. 168, 206.— W. T. 

Cal. 



0.068 
.077 
.076 
.063 
.076 
.078 
.062 
.109 
.084 
.076 
.063 
.126 

.064 (68.8) 
.084 
.086 
.068 
.068 

.087 (67.2) 
.086 (67.6) 

.112 

.116 

.120 

.104 

.098 

.094 (66.5) 

.099 

.121 

.108 

.100 

.109 



Rhyolite 
Granite 
do 

Obsidian 

Granltlte 

Quartz-porphyrite 

Granodiorite 

Granite-porphyry 

Dacite 

do ♦ 

do 

Quartz-llndoite 

Dacite 

Quartz-monxonite 

Dacite 

do 

Andesite 

Pitchstone 

Dacite 



Mica-dacite | 

AugiteHMXla-granite . . ' 
Alaskite-porphyry — 

Dacite 

Dacite-porphyry 

Porphyrite | 

Feldspar-porphyry . . . ' 

Mica-andesitc I 

Andenite-porphyry . . . 

Oligoclasite 

Syenite-porphyry 



SUBRANO 4. LAB8EN08E. 

(L 4,2,4.) 

Obsidian Cliff, Yellowstone Park . . . . 

Florence , Ma» 

Rocklin.Cal 

WlUow Park, Yellowstone Park 

Riesengebirge, Silesia 

<>davenia County, Cal 

Enterprise, Butte County, Cal 

Crazy Mountains, Mont 

Lassen Peak, Cal 

Colombia, South America 

Lassen Peak, Cal 

W. Aker, Norway 

LasMen Peak, Cal 

Sierra County, Cal 

Lassen Peak. Cal 

Shasta County, Cal 

Buntlngv-llle, Cal 

Butte district, Mont 

Sepulchre Mountain, Yellowstone 
Park. 

Silver Cliff, Colo 

Kekequabic Lake, Minn 

Alaska 

Rosita, Colo 

Shasta County, Cal 

Crazy Mountains, Mont 

Caatle Mountain dititrict, Mont 

San Mateo Mountain. N. Mex 

Gray Peak, Yellowstone Park 

Preston, Norway 

Yogo Peak, Mont 



Bull. 168, 104.— W.T. 
Bull. 168, 30.— W.T. 
Bull. 168, 196.— W.T. 
Bull. 168, 104.— W.T. 
N. J., 1808, Xn,282,— W. T. 
Bull. 168, 203.— W.T. 
Bull. 168, 190.— W.T. 
Bull. 168, 120.— W.T. 
ForUethPar.,1,662. 
J. G., 1. 171.— W.T. 
Bull. 168, 179.— W.T. 
E.K.,I,196.— W.T. 
Bull. 168, 180.— W.T. 
BuU. 168, 192.— W.T. 
Bull. 168, 179.— W.T. 
Bull. 168, 180.— W.T. 
BuU. 168, 181.— W.T. 
Bull. 168, 119.— W.T. 
Bull. 168, 91 .—W.T. 

Bull. 168, 149.— W. T. 

A. G., XI, 386.— W. T. 
Bull. 168, 228.— W. T. 
Bull. 168, 149.— W. T. 
Bull. 168, 177.— W. T. 
Bull. 168, 120.— W. T. 
Bull. 168, 180.— W. T. 
Bull. 168. 170.— W. T. 
Bull. 168, 107.— W. T. 

B. M. A., 1898, VII, 47.— W. T. 
Bull. 168, 127.— W. T. 



74.21 

67.88 



0.100 
.084 (67.8) 



SuBRANo 6. MABirosoes. 

(I. 4, 2, 5.) 



Soda-granite Mariposa (bounty, Cal Bull. 168, 207.— W. T. 

Granite ' Cavaura River, British Guiana W.T. 
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68.41 
68.10 
68.12 
67.90 
66.94 
66.65 

66.65 
65.71 
65.66 

65.68 
65.60 
64.85 
64.61 
64.52 
64.48 
64.27 

64.24 
6S.81 
63.42 

63.80 
62.91 
62.85 
61.42 



CUugified list of cmalyses used in coTistructing diagrams — Continued. 
Rang 3. Ooloradabb. 

Hl'BRANU 3. AMIATOSB. 

(I. 4. 3, 3.) 




Author's name. 



Locality. 



Reference. 



Granite Liower Elfla», Vongefl RoHenbosch, El., 78. 

Trachyte , Monte Amiate, Italy .^ : Roeenbusch. El.. 269.— W. T. 



Qiiartz-porphyiite . 



Mount Carbon, Colo Bull. 168, 160.--W. T. 



Andesite-perlite ' Eureka, Nev ; U. 8. G. S., Mon. XX, 264.— W. T. 

Dacite Peryamon, Arfa Minor A. J. S.. Ill, 1897, 45.— W. T. 

Andeuite Kara Ta«h. Asia Minor ' A. J. S., Ill, 1897, 45.— W. T. 

SUBBAMO 4. YBLLOWfTTONOeE. 

(I. 4,8,4.) 



0.064 
.065 
.078 
.075 
.070 
.082 

.074 
.065 
.072 

.000 

.066 (65.7) 

.064 

.088 

.080 

.076 (64.7) 

.061 

.078 (64.1) 

.079 

.098 

.087 
.094 
.065 
.078 



Dacite 

Diorite 

Andedte 

Dacite 

Andedte 

QuartK-diorite- 
porphyry. 

Granodiorlte 

Banatite 

Dacite 



Colombia, South America . 

Ono. Cal 

8ha8ta County, Cal 

Colombia, South America . 

Sierra County, Cal 

do 



Nevada City, Cal . 
Banat, Hungary.. 



Andedte 

Quartz-mica-diorite . 

....do 

Andedte 

....do 

....do 

....do 



Dacite-porphyry 

Dacite 

Quartz-diorl te- 
porphyry. 

Andedte 

Granitite 

(?) Porphyrlte-diorite 

Porphyrite 



Sepulchre Mountain, YellowKtone 
Park. 

Fan Creek, Yellowstone Park 

Electric Peak, Yellowstone Park 

do 

Crescent Hill, Yellowstone Park 

Mount Shasta. Cal 

do 



Sepulchre Mountain, Yellowstone 
Park. 

Shasta County, Cal 

MUl Creek, Shasta County, Cal 

CrandallBadn, Wyo 



Mount Rose, Washoe, Nev . 

DorseysRun, Md 

Mount Marcellina, Colo 

Storm Ridge, Colo 



J. G., 1, 171.— W. T. 

Bull. 168, 177.— W. T. 

Bull. 168, 183.— W. T. 

J. G., 1, 171.— W. T. 
I Bull. 168, 193.— W. T. 
I Bull. 168, 192.— W. T. 

, Bull. 168, 194.— W. T. 
Rosenbusch, El., 140. 
Bull. 168, 91.-W. T. 

Bull. 168, 107.— W. T. 
Bull. 168, 88.— W. T. 

Do. 
Bull. 168, 108.— W. T. 
Bull. 168, 176.— W. T. 

Do. 
Bull. 168, 91.— W. T. 

Bull. 168, 177.— W. T. 
Bull. 168, 180.— W. T. 
Bull. 168, 94.— W. T. 

Fortieth Par. I, 604. 
Bull. 168, 47.— W. T. 
Bull. 168. 160.— W. T. 
Do. 



SUBRANG 5. AMADOR08E. 
(I. 4, 3, 5.) 



69.66 I 0.074 
69.34 .066 



Quartz-diorite-aplitc . 
Granite 



Amador County, Cal . . 
Saganaga Lake, Minn . 



Bull. 168, 201.— W. T. 

2l8t Ann. Rept. Geol. Surv. Minn., 
43.— W. T. 



Rang 4. — 

SUBBANG 3. 



(1.4.4,3.) 



65.81 



0.047 



Granite. 



Hochwald, Vusges., 



Rosenbusch, Steiger 
(Straasburg, 1877). 167. 



Schiefer 
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ROOK ANALYSES USED IN OONSTRUOTINQ DIAGRAMS. 

Clasgified lid of analyses used in constructing diagrams — Continued. 

Order 5. Canadare. 

Rang 1. Xordmabkasb. 

SUBBAMO 3. PHLEOROSE. 

(I. 5, 1, 3.) 



81 



Silica 
con- 
tent. 



66.13 
66.03 
65.43 
64.88 
64.04 
63.71 
62.30 
61.92 
61.88 
61.62 
61.45 
61.05 
60.33 
60.13 
60.02 
59.79 
59.70 
58.75 
57.18 



AlluiU-silica 
ratio. 



0.130 
.132(65.9) 
.131 
.128 
.160 
.159 
.142 
.151 
.176 

.170 (61.2) 
.143 (61.3) 
.166 
.198 
.165 
.147 
.186 
.164 
.176 
.171 



Author's name. 



Quartz-syenite 

Trachyte 

Syenite 

Syenite-porphyry 

Nordmarkite 

Pulaskite 

Bostonite 

Pula«kite , 

Trachyte , 

....do 

....do 

Sdlvsbergite 

Trachyte 

Nephelite-syenlte 

Syenite-keratophyrc . 

Trachyte .* 

Nephelite-syenite 

Umpteklte 

Trachyte 



Locality. 



Fjelebua, Norway 

Game Ridge, Custer County, Colo 

Mount Aficutney, Vt. ..^ 

....do 



Reference. 



Tonsenas, Norway 

Salem Neck, Mass 

Gran, Norway 

Lokob6, Madagascar 

Marecocco, Italy 

Monte Rotaro, Italy 

Maros, Celebes 

Coney Island, Ma» 

Monte Nuovo, Italy 

Fourche Mountain, Ark 

Harz Mountains 

Monte Nuovo, Italy 

Fourche Mountain, Ark 

CaboFrio, Brazil 

High wood Mountains, Mont 



Z. K., XVI, 46.— W. T. 

Bull. 168, 147.— W. T. 

Bull. 168, 24.— W. T. 

Bull. 168, 25.— W. T. 

Z. K., XVI, 54.-W. T. 

J. G., VI, 806.— W. T. 

E. K., m, 204.— W. T. 

M. M., 204. 

A. J. S., VIII, 1899, 289.— W. T. 

Do. 
Q. C, 16. 

J. G., VII, 118.— W. T. 
A. J. S., Vm, 1899, 287.— W. T. 
J. Q., IX, 610.— W. T. 
R. T., 1884, XXII. 
A. J. 8., VIII, 1899, 287.— W. T. 
I. R. A., 88.— W. T. 
T. M. P. M., XX, 248.— W. T. 
Bull. 168, 131.— W. T. 



SUBRANG 4. NORDMARKOSE. 



(I. 6. 1. 4.) 



66.60 
66.22 

66.06 

65.51 

65.43 

64.92 

64.54 

64.33 

63.76 

63.20 

63.09 ; 

62.17 ' 

61.67 I 

61.54 

61.08 

60.39 

60.11 

60.05 

59.62 

59.31 



0.162 
.149 (66.4) 

.151 
.143 

.140 (65.1) 
.146 
.157 
.151 

.161 (63.4) 
.161 

.164 (63.6) 
.156 
* .169 
.180 
.185 
.184 

.161 (59.9) 
.157 (60.3) 
.178 
.174 



Lestiwarite 

Quartz - syenite - por- 
phyry. 

Llparite 

Phonolitic andesite . . 

Nordmarkite 

Quartz-sdlvsbergite. . . 

Pulaskite 

Acmite-trachyte 

Syenite 

Nordmarkite 

Pulaskite 

Acmite-trachyte 

Kcratophyre 

Piionolite 

do 

Litchfleldite 

Bostonite 

Tinguaite 

Nephelite-syenite 

Foyaite 



K vella, Norway 

Bearpaw Mountains, Mont. 



Hohenbuxg, near fionn, Prussia. 
San Mateo Mountains, N. Mex . . 
Shefford Mountain, Quebec 

Gran, Norway 

Loyasbucht, Norway 

Crazy Mountains, Mont.. 

Ahyenvaara, Finland 

Tonsenas, Norway 

Salem Neck, Mass 

Crazy Mountains, Mont . . 

Harz Mountains 

Zittau, Saxony 

Black Hills, 8. Dak 

Litchfield, Me 

Hedrum, Norway 

Gales Point, Mass 

Saline County, Ark 

Great Haste Island, Mass. 



E. K., Ill, 216.— W. T. 
Bull. 168, 135.— W. T. 

R. T., 1884, XLVin. 

Bull. 168, 170.— W. T. 

J. G., XI, 271. 

E. K., I, 78.— W. T. 

E. K., Ill, 198.— W. T. 

Bull. 168, 123.— W. T. 

B. C. O. F., 11, 34.— W. T. 

Z. K., XVI, 54.— W. T. 

J. G., VI, 806.— W. T. 

Bull. 168, 123.— W. T. 

R. T., 1884, XXII. 

R. T., 1861, 23. 

A. J. 8., XLVn, 1894. 344.— W. T. 

Bull. 168, 21.— W. T. 

E. K., Ill, 204.— W. T. 

J. G., VII,481.— W.T. 

I. R. A., 186.— W. T. 

J. G., VII, 481.— W. T. 
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66.54 
62.64 
61.87 
61.55 
60.89 
60.20 
60.08 
59.61 
59.28 
57.15 
56.45 
55.52 



CUutified U9t of analyte^ xMed in constructing diagrams — Continued. 

SUBRANO 5. TrOLUMNOSE. 

(I, 5, 1, 5.) 




Author's name. 



Locality. 



0.136 
.119 
.145 
.141 
.181 
.165 
.154 
.166 
.149 
.149 
.175 
.146 



65.41 
64.80 
64.68 
63.49 
61.47 
61.43 
61.05 
60.98 
60.72 
60.45 
60.24 
69.96 
69.38 
58.94 
58.88 
58.82 
57.59 
57.44 



1.189 

.126 

.182 

.183 

.120 

.188 

.147 

.142 (59.9) 

.142 

.168 

.170 

.165 

.125 

.109 

.141 

.156 

.189 

.157 



Albltite Tuolumne County, Cal . 



Reference. 



Bull. 168, 204.— W. T. 



...do Koswin«ky, Ural Mountaini! I O. N., 169. 



Rang 2. PrLA8KA8B. 

SUBBANO 2. VULBINOfll. 
(I. S. 2, 2.) 




Leucite-trachyte(7) ..| RoccaMonfina, Italy 

Vulsinlte * Bolaena Monflna, Italy.. 

do I Vetrella, Italy 

Leucite-tracbyte ' San Rocco, Italy 



J.G., V,870— W.T. 
J. O., V, 858.— W. T. 

Do. 
J. G.. V, 870.— W. T. 



SUBRANO 3. PULABK08B. 
(I. 5,2,3.) 



Qnaits-syenite 

AndealteC?) 

Trachyte 

do 

Quarts-banaklte. . . 

Pulaaklte 

do 

Leucite-trachyte . . 
Nephellte-syenite . 
Trachy-dolerlte ... 
Sodalite-syenite . . . 
Boatonite 



High wood Mountainn. Mont W. T. 

Hkea Peak dlHtrlct, Colo , Bull. 168. 145.— W. T. 

lichla, Italy • R. T., 1873, XXX VHI. 



.do. 



Ishawooa Canyon, Wyo . 
Fourche Moontain, Ark. 

do 

Vlterbo, Italy 

Fourche Mountain. Ark. 

Maroe, Celebes 

Square Butte, Mont 

Gentungen , Celeben 



R.T., 1873, XXXVI. 
Bull. 168, 102.— W.T. 
J.G.,fx,609.— W.T. 
I. R. A., 88.— W.T. 
J.G.,V,870.— W.T. 
I. R. A., 88.— W.T. 
G.C.,14. 
Bull. 168, 134.— W.T. 

G.c.ao. 



SUBBANO 4. LArRVIKOHB. 
( I. 5. 2, 4.) 



Trachyte 
Domlte 

Quartz-syenite, 
Andeslte 
do 

do 

Trachyte 

Augite-porphy rite 

Rhombenporphyry. . . 

Nordmarkite 

Augite-andesite 

Pulaskitc 

Tonsbergite 

Andesite 

Laurvlkite 

Rhombenporphyry. . . 

do I 

Pulaakite I 



Game Ridge, Custer County, Colo 

Puy de Dome. France 

Fourche Mountain, Ark 

Custer County, Colo 

Pan tellaria, Italy 

do 

Ischia, Italy 

Henry Mountains, Utah 

Nottero, Norway 

Anerod, Norway 

Pantellaria 

Shefford Mountain. Quebec 

T5nsberg, Norway 

Silver Cliff. Colo 

Laurvik. Norway 

Tonsberg, Norway 

Nottero, Norway 

Mount Johnson, Quebec 



Bull. 168, 147.— W.T. 
R.T.,18e9,CXVin. 
I. R. A., 96.— W.T. 
Bull. 168, 148.— W.T. 
Z.K.,Vin,166. 
Z.K.,Vni, 164. 
R.T.,1873,XXXVin. 
Bull. 168, 167.— W.T. 
Z.K.,XVI,35.— W.T. 
Z.K.,XVI,54.— W.T. 
Z.K.,Vin,165. 
J. G., XI, 271. 
E.K.,III,376.— W.T. 
Bull. 168, 148.— W.T. 
Z. K., XVI. 80.— W. T. 
Z. K., XVI, 36.— W. T. 

Do. 
J. G., XI, 27L 
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Clamjied list of ancUyaea used in congtructing diagrams — Continued. 
SiTBRANo 4. LAUBViKROflK— Continued. 



Silica 
con- 
tent. 


Alkali-silica 
ratio. 


1 

Author's name. 


Ix)caUty. 


Reference. 


57.33 
57.12 


.163 (57.1) 

.138 

.144 

.155 (55.9) 

.156 

.162 


Rhombenporphyry . . . 
Laurvlldte 


NStterti, Norway 

Fredriksvam, Norway 

Ndttero, Norway . . 


Z. K., XVI, 85.— W. T. 
Z. K., XVI, 30.— W. T. 


56.85 


do 


Do 


56.25 
56.19 
64.00 


Micromonzonlte 

; Tcphri tic trachyte 

Rhombenporphyry... 


Ambodimadlio, Madagiuoar 

Columbretes Islands, Spain 

Bmmnnthal, Norway 


M. M.. 204. 

T. M. P. M., XVI, 314 ^W. T. 

Z. K., XVI. 28.— W. T. 


SVBRANO 5. . 

(I. 5,2,5.) 


62.90 


0.135 
.164 


Diorite 


Jablanica, Hersegovina 


W T 


60.13 


Keratophyre 


New Haven, Conn 


A. J. 8.. Ill 1897 291 — W T 










0.135 (59.5) 




T> * vn ^ 












(I. 6, 3. 2.) 




69.33 


Augite-syenite 


Mazarunl district, British Quiana .... 


W.T. 














(1. 5, 3, 3.) 




59.26 


0.139 


Andesite 


Table Mountain, Colo 


Bull. 168, 141.— W. T. 
















SUBRANO 4. . 

(1.6,3,4.) 




56.28 


0.112 


Diabaae-porphyrite. . . 




Bull. 168, 121.— W. T. 









Rang 4. Labradorase. 

SUBRANG 3. LaBRADOROSR. 
(I. 5,4,3.) 



55.01 
54.62 
&1.45 
5:5.53 
53.43 
53.42 
52.61 
49.78 
47.25 



.093 

.122 

.090 (53.6) 

.099 

.096 

.092 

.091 

.066 



Anorthosite . 

do 

.....do 

.....do 

.....do 

....do 

....do 

....do 

....do 



Turtschinka, Wolynien, Russia 

New York State 

Rawdon, Canada 

P6k51ft, Finland 

Labrador, Canada 

OgnOi Norway 

Ekersund, Norway 

Carlton Peak, Minn 

Beaver Bay, Lake Superior 



W.T. 
N.J.,1893,VITI,494. 

Do. 
W.T. 

N. J., 1893, Vm, 494.— W. T. 
B. M. A., 1896, V, 96.— W. T. 
B. M. A., 1896, V, 79.— W. T. 
Am. Geol., XXVI, 281.— W. T. 
U. S.Q. 8.,Mon.V,438. 



Rang 5. Canadase. 

(L 5, 6.) 



47.32 
46.24 
45.78 



0.048 (47.4) 
.044 
.036 



Anorthosite . 

do 

do 



South Sherbrooke, Ontario . 

Seine River, Canada 

Monhegan Isle, Me 



Am. Qeol., XXIV, 280.— W. T. 

J. G., IV, 909.— W. T. 

Am. Qeol., XXVI, 840.— W. T. 
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CHEMICAL COMPOSITION OF IGNEOUS BOCKS. 
Clamjied list of analyses used in constructing diagrams — Continued. 

Order 6. Russare. 

RaNO 1. MlASKASK. 
SUBBANO 3. BBEMBBOSB. 

(I. 6, 1, 3.) 



SlUca 
con- 
tent. 1 



Alkali-silica 
ratio. 



60.42 
69.20 
58.89 

58.72 
58.00 
55.87 
55.88 
53.56 



0.184 
.189 (."yy.l) 
.IHO 

.199 (58. 8-. 200) 

.199 

.201(55.3) 

.207 

.229(53.1) 

.226 



Author's name. 



' Nephellte-syenite ... 

I Microdltioite 

Leuclte - ti n gu a i te- 
vitrophyre. 

Ditrolte 

Phonollte 

, Lenclte-phonolite . . . 

Foyalte 

I Nephelite-syenite . . . 
I Foyalte 



Locality. 



Reference. 



Moita, Foya, Portugal 

Nosy Komba, Madagascar 
Picota, Portugal 

Nosy Komba, Madagascar. 

Marus, Celebes 

Lake Bracciano, Italy 

East Cape, Siberia 

BeemervUle, N. J 

Magnet Cove, Ark — 



T. M. P. M., XVI. 225.— W. T. 

M. M., 169. 

T. M. P. M., XVI. 252. — W. T. 

M.M..204. 

Q.C.,18. 

J.O.,V.,S70.— W.T. 

A. J. S. , XIII, 1902, 176. — W. T. 

Bull. 168, 39. —W.T. 

J. G., IX, 611.— W.T. 



SUBBANO 4. MlABKOBB. 

(L 6. 1, 4.) 



^60.02 
'60.88 
69.00 
58.98 
58.78 
68.77 
58.74 
58.70 
58.64 
58.62 
58.61 
58.61 
58.51 
58.25 
58.20 
58.10 
57.86 
56.75 
56.67 
56.43 
56.40 
56.80 
56.26 
55.95 
55. 9S 
55.92 
55.21 
55.01 
54.92 
54.22 
54.20 
53.95 
53.65 
52.73 



0.202 
.189 
.196 
.219 
.213 

.211(59.1) 
.205 
.190 

.195 (.196) 
.191 (58.5-. 
.194(58.3) 
.213(68.5) 
.216(58.2) 
.197(57.7) 
.190 

.191 (67.9) 
.214 (57.8) 
.228 

.226 (66.3) 
.196 (56.3) 
.201 
.235 

.199 (56.8) 
.256 

.203 (55.6) 
.198 (55.8) 
.226 
.211 
.243 
.224 
.237 
.246 
.231 
.202 



Phonolite 

Trachytic phonolite, 
Phonolite 
do 

....do 

Foyalte 

Nephelite-syenite .... 

Acmite- trachyte 

Phonolite 

186)1 do 

I Foyalte 

•»" :■•■ 

Phonolite 

Microfoyaite 

I Ditroite 

' do 

' Phonolite 

I Tinguaite 

I Nephelite-syenite 

I Phonolite 

I Nephelite-syenite 

Ditroite 

Mlascite 

Phonolite 

Trachytic phonolite.. 

Phonolite 

....do 

do 

Nephelite-aplite 

Phonolite 

Nephelite-syenite 

Phonolite 

...do 

! Heronite 



Cripple Creek, Colo 

do 

do 

.....do 

.....do 

Salem Neck, Mass 

Salina County, Ark 

Crazy Mountains, Mont 

Cripple Creek, Colo 

Nosy Komba, Madagascar , 

Heum, Lougenthal, Norway 

Nosy Komba, Madagascar , 

Velay, Fiance 

Nosy Komba, Madagascar 

do 

do 

Black Hills, S. Dak 

Pickards Point, Mass 

Picota, Portugal 

Hegau, Germany 

Poutelitschorr, Kola, Finland.. 
Ditro. Siebenbtirgen, Hungary. 

Mount Sobatchla, Siberia 

Borczen, Bilin 

Columbretes Islands 

Hegau, Germany , 

do 

do 

Cabo Frio Island, Brazil 

Southboro, Mass 

Picota, Portugal , 

Sardinia 

MsidGharian, Tripoli 

Heron Bay, Canada 



Bull. 168, 143. —W.T. 
Bull. 168, 144. —W.T. 
Bull. 168, 143. —W.T. 

Do. 

Do. 
J.G.,VU,481.— W.T. 
I.E. A., 189. —W.T. 
Bull. 168, 123. —W.T. 
Bull. 168, 143. —W.T. 
M.M.,169. 

E.K.,III,377.-W.T. 
M.M.,169. 
R.T.,1879,LVIIL 
M.M.,169. 

Do. 
M. M., 204. 
Bull. 168, 84.— W. T. 
J. G., VII, 481.— W. T. 
T. M. P. M., XVI, 228.— W. T. 
R. T., 1884. LIV. 
Rosenbusch, El., 126.— W. T. 
Rosenbusch, £1., 126. 
W.T. 

R. T., 1869, XCVI. 
T. M. P. M., XVI, 814.— W. T. 
R. T., 1884, LII. 
R. T., 1879, LVni. 
R. T., 1884, LIL 
T. M. P. M., XX, 288.— W. T. 
Bull. 168, 88.— W. T. 
T. M. P. M., XVI, 218.— W. T. 
R. T., 1879, LVIII. 
R. T., 1884, LIV. 
J. G., VII, 435.— W. T. 
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Clasdfied list of analygen used in constructing diagrams — Continued. 

SUBRANO 5. MARIUPOLOea. 
(I. 6,1,5.) 



Rang 2. Vijbzzbnase. 

SUBRANO 8. . 

(I. 6, 2. 8,) 



Silica 
con- 
tent. 


AlkAli-dlica 
ratio. 


Author's name. 


Locality. 


Reference. 


60.29 


0.1d7 (60.6) 


Marlupolite 


Nlkolajew. Ruada 


T. M. P. M., XXI 244.— W. T 









58.76 0.207 (58.6) 



NepheUte-tiugualte .. Magnet Cove, Ark I. R. A., 266.— W. T. 



SUBRANO 4. Vl^SZXNOSE. 
(I. 6, 2. 4.) 



56.04 




Nephlite-rhomben- 
porphyry. 

Andesite 

Nephelite^yenite ... 

do 

Tingnaite 



Vasvik tunnel, Norway 



Palma, Sicily ^ 

Btookville, N. J 

Caldas de Monchlque, Portugal . 
Umptek, Kola, Finland 



I 



Z. K., XVI, 88.— W. T. 

R. T., 1879, LXVI. 

BuU. 168, 89.— W. T. 

N. J., B. B., Ill, 271.— W. T. 

Rosenbuflch, El., 215.— W. T. 



Order 7. Tasbhanare. 
Rang 1. Laugbnase. 

SUBRANO 4. LAUORNOSR. 

(I. 7, 1, 4.) 



55.50 0.248 



Foyalte Brathagen, Norway 



E. K., ni, 176.— W. T. 



74.85 
70.30 



0.092 
.128 



CLASS II. DOSALANE. 

Order 3. Hispanare. 
Rang 1. Vabingasb. 

SUBRANO 3. VaRINOOBR. 

(n. 8, 1, 3.) 



Qrorudlte ... 
Pantellerite . 



VarlngBkollen, Norway , 
Fantellaria , 



Z. K., XVI, 66.— W. T. 
Z. K.. VIII. 178.— W. T. 



72.12 



0.070 



SUBRANO 4. 

(n. 3, 1, 4.) 



Felfdte. 



Cudgegong River, New South Wales, 
Australia. 



W.T. 
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Ckunfied liat of analyses used in constructing diagrams — Continued. 
Rang 4. . 

SVBBANO 3. . 

(II. 8. 4, 8.) 



SUica 
L-on- 
tent. 


Alkali-silica 
ratio. 


Author's name. 


Locality. 


Reference. 


66.88 


0.020 


Qiiarts^Uorite 


Little Falls, Minn ' R. T., 1879, XXXVI. 



Order 4. Austrare. 



Rang 1. Pantellerask. 

SUBRANO 8. GBOBUDOeS. 

(H. 4. 1, 8.) 



70.15 
09.61 
69.02 
68.88 
66.50 
61.88 



0.109 
.129 
.121 
.187 
.128 
.102 (62.2) 



Grorudite ... 
Pantellerite . 

do 

.....do 

Gromdlte ... 
Porphyrite .. 



Grussletten, Norway 

Pantellaria 

.....do 

.....do 

Gnudetten, Norway 

Sapplin^n, Magdeburg, Prussia. 



E. K., 1, 199.— W. T. 
Z. K., VIII, 178.— W. T. 
Z. K., Vni, 182.— W. T. 
Z. K., VIII, 170.— W. T. 
E. K., 1, 199.— W. T. 
W. T. 



SUBBANO 4. PANTXLLKROSB. 
(IL 4, 1, 4.) 



71.85 
67.89 
67.48 
67.18 



0.U6 
.116 
.181 
.122 



Grorudite ... 
Pantellerite . 

....do 

do 



Kallemd, Norway., 

PanteUaria 

....do 

....do 



E. K., 1, 199.— W. T. 
Z.K.. VIII, 186.— W.T. 

Do. 

Do. 



Rang 2. Dacase. 
subbang 8. adamblloex. 

(II. 4,2,8.) 



66.67 
63.97 
62.61 
61.98 
59.24 



0.108 
.105 
.090 
.104 
.095 (59.5) 



Granite-porphyry 

Quarts-mica-diorite . . 
Syenite 



Kircbe Wang, Silesia. 
Crandall Basin, Wyo . 
Reichenstein, Silesia . 



Granitite Laveline, Vosges . 

Trachyte-andesi te . 



Rosenbusch, £1., 195. 
Bull. 168, 94. -W. T. 
N. J., 1890, I, 206.— W. T. 
Rosenbusch, El., 78. 



Uighwood Mountains, Mont Bull. 168, 131.— W. T. 



SUBBANO 4. DaOOSB. 

(II. -4, 2, 4.) 




Andeslte 

Granitite 

Daclte 

Andeslte 

Quartr-diorite 



Sepulchre Mountain, Yellowstone 
fark. 

Crazy Mountains, Mont 

Chiles, Colombia, South America . . . . 

Tower Creek. Yellowstone Park 

Sauk Center, Minn 



Bull. 168,91.— W.T. 

Bull. 168,120.— W.T. 
J. G., I, 171.— W. T. 
BuU. 168,108.— W.T. 
R. T., 1879, XXXIV. 



BOCK ANALYSES USED IN CONSTRUCTING DIAGRAMS. 

Classified list of analyses used in constructing diagrams — Continued. 

Rang 3. Tonalase. 

SUBRANO 3. HARZOSE. 
(II. 4,8,3.) 
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SUlca 
con- 
tent. 


Alkali-8illca 
ratio. 


Author's name. 


Locality. 


Reference. 


64 34 


0.081 
.080 

.069 (63.2) 
.088 
.078 

.090 (60.7) 
.090 
.094 
.063 

.064 (68.1) 
.076 


Granite 


Batte, Mont Bull. ifiR. ii7._w. t 


63.85 


Granodiorite 


Gra« Valley, Cal 


Bull. 168, 194.— W. T. 


63.06 
61 73 


"Bchliere" in granite. 
Syenite 


Rlesengeblrge, 8ile«ia 

Hodritch, Hungary 


N. J., 1898, XII, 236.--W. T. 
R. T., 1869, LX. 


61.64 
60 68 


Quarts-monaonite .... 
Andesite 


Red Rock Creek, Butte, Mont 

Mount Pagoe, Asia Minor 

Tintic district, Utah 


Bull. 168, 118.— W. T. 

A. J S. Ill 1897 43 W T 


60 17 


Latite 


BuU.168,166.— W. T. 
Do. 


69 76 


Monzonite 


do 


67.80 

67.69 
67.26 


Quartz-pyroxene-dio- 
rite. 

MIca-diorite 

Quartz-mica-diorite .. 


Sonoia, Tuolumne County, Cal 

Qippsland, Victoria 

Sierra County, Cal 


Bull. 168,204.— W.T. 

E. K., II, 37.— W. T. 
Bull. 168, 192.— W. T. 









SUBRANO 4. TONALOSK. 
(U. 4,3,4.) 



66.91 
65.83 
65.39 
66.11 
64.81 
64.12 
64.07 
63.66 
63.47 

63.28 
68.16 
63.03 
62.71 
62.65 

62.62 
62.44 
62.09 

61.68 
61.40 
61.22 
61.17 
61.16 
61.09 
61.04 
60.93 
60.30 

60.20 
60.05 
60.04 
60.02 



0.056 
.080 
.081 
.fti3 
.073 

.077 (.076) 
.063 
.084 
.076 

.077 
.089 
.070 
.084 
.095 

.070 
.071 
.070 

.074 (61.8) 

.048 

.089 (61.4) 

.077 

.093 

.070 

.090 

.073 

.088 (60.4) 

.068 
.079 

.078 (60.3) 
.074 (69.8) 



Tonalite 

Granite 

Dacite 

Quartz-mica-diorite 

Porphyrite 

Quartz-norite 

Quartz-mica-diorite . . 
Homblende-dacite 
Andesite 



....do.... 
Trachyte . 
Andesite . 
Diorite . . . 



Hornblende- porphy- 
rite. 

Quartz-mica-diorite . 

Andesite 



Hornblende- porphy- 
rite. 

Andesite 

Syenite 

Mica-dlorite 

Andesite 

Andesite-porphyry . . . ' 

Andesite j 

...do 

...do I 

...do 



Adamello Stock, Tyrol 

Granite Creek Station, Nev 

Cumbal, Colombia, South America. . . 

Electric Peak, Yellowstone Park 

Lead ville district, (^lo : 

Tyrol 

Electric Peak. Yellowstone Park 

Colombia, South America 

Sujppans Mountain, Tehama County, 

Mount Hood, Greg 

Henry Mpuntains, Utah 

Mount Shasta, Cal 

Gunnison 0>unty, Colo 

Herman Peak, Colo 



Mariposa County, Cal . 

Shasta County, Cal 

Nevada City, Cal 



...do... 
...do... 
...do... 
...do... 



Mount Shasta, Cal 

Riesengeblrge, Silesia 

Electric Peak, Yellowstone Park 

Shasta County, Cal 

Crandall Basin, Wyo 

Colombia, South America 

do 

Tiiscan Buttes, Cal 

Sepulchre Mountain, Yellowstone 
Park. 

Pilot Peak, Plumas County, Cal 

Colombia, South America 

Shasta County, Cal 

Sierra County, Cal 



RosenbuKh, El., 140.— W. T. 
Fortieth Par., 1, 110. 
J. G., 1, 171.-W.T. 
Bull. 168, 88.— W. T. 
Bull. 168, 165.— W. T. 
Rosenbusch, £1., 140. 
Bull. 168, 87.— W. T. 
J. G., I, 171.— W. T. 
Bull. 168, 182.— W. T. 

Fortieth Par., I, 604. 
Bull. 168, 167.— W. T. 
Bull. 168, 176.— W. T. 
Bull. 168, 159.— W. T. 
Bull. 168, 164.— W. T. 

Bull. 168, 209.— W. T, 
Bull. 168, 181.— W. T. 
Bull. 168, 194.— W. T. 

Bull. 168, 176.— W. T. 

N. J.. 1898, XII, 234.— W. T. 

Bull. 168, 87.— W. T. 

Bull. 168, 188.— W. T. 

Bull. 168, 94.— W. T. 

J. G., I, 171.— W. T. 

Do. 
Bull. 168, 181.— W. T. 
Bull. 168, 90.— W. T. 

Bull. 168. 188.— W. T. 
J. G., 1, 171.— W. T. 
Bull. 168, 181.— W. T. 
Bull. 168, 198.— W. T. 
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Classified list of analyses used in constructing diagrams — Continued. 
8UBBANO 4. ToNAiXMK— Gontinaed. 



Silica 
con- 
tent. 



59.97 
fiO.84 
69.77 

59.48 
99.84 
69.19 
58.67 
58.63 
68.46 

58.08 

56.61 

56.28 
56.88 



Alkali-Silica 
raUo. 



.076 
.080 



.062 

.075 

.094 

.065 

.079 (58.9) 

.083 (58.7) 

.075 (58.2) 



.082 



.065 



(56.9) 



Anthor'a name. 



I Dlorlte , 

I Andedte 

I Averasre of 680 igne- 
ous rocks. 

Andedte , 

I do 

Diorite 

Dolerite , 

Diorite 



Locality. 



Eeferenoe. 



I 



Vildarthal, Tyrol 

Near Lassen Peak, Cal . 
America 



Red Bluff, Mont 

Sierra County, Cal 

San Miguel Mountains, Colo . 

Eskdalc. Scotland 

Unalaska Island 

Great Britain 



Average of 897 igne- 
ous rocks. ; 

Andedte.. \ Near Lassen Peak, Tehama County, 

Cal. 



..do.. 



Sepulchre 
{•ark. 



Mountain, Yellowstone 



> Diorite I Electric Peak, Yellowstone Park. 

I Andesite ' Sepulchre Mountain, Yellowstone I 

! ^ark. I 



j Rosenbusch, El., 140. 
Bull. 168, 188.— W. T. 
I Bull. 148, 12.— W, T. 

I Bull. 168, 114.— W. T. 

, Bull. 168, 198.— W. T. 

Bull. 168. 164.— W. T. 

Bull. 168, 226.— W. T. 

Geol. Mag., 1899, 220.— W. T. 

Bull. 168. 182.— W. T. 

Bull. 168, 90.— W. T. 

Bull. 168, 87.— W. T. 
Bull. 168, 90.— W. T. 



I 



64.67 
60.40 



BUBRANO 5. PLACKRO0K. 

(IT. 4,8,5.) 



0.064 
.068 



Granite Placer County, Cal 

Andesite i St. Augustine Volcano, Cook Inlet... 



Bull. 168, 198.— W. T. 
Bull. 168, 226.— W. T. 



56.48 



0.023 



Rang 4. Bandasb. 

SUBBAVG 1. SAQAMOSK. 
(II. 4. 4, 1.) 



Tonalite I Hokizawa, Sagami, Japan. 



W. T. 



SUBBANO 8. BaNDOBB. 

(n. 4, 4, 8.) 



61.68 


0.067 




59.66 


.062 




56.74 


.047 




56.51 


.068 (56.7- 


-.066) 


56.41 


.062 




56.81 


.044 




65.97 


.062 





Diorite ! Kadiak Island, Alaska . 

Andesite | BandalSan, Japan 

Diabase-porphyry Mount Morrison, Colo . . 

Quartz-basalt Near Lanen Peak, Cal . 

Diorite ' Georgetown, D. C 

" Schliere " in granite i Riesengeblrge, Silesia . . 
Diorite I Triadelphla, Md 



Bull. 168, 227.— W. T. 

W. T. 

Bull. 168, 141.— W. T. 

Bull. 168, 185.— W. T. 

Bull. 168, 44.— W. T. 

N. J., 1898, XII, 235.— W. T. 

Bull. 168, 44.— W. T. 



Rang 5. 



51.62 0.015 



SUBBANG 3. . 

(IL 4,5.3.) 



Diorite , Kagelhohnsfin, Sweden R. T., 1879, XXXII. 



^^^ 



silica 
eon- 
tent. 



61.28 
58.04 



Alkali-silica 
ratio. 



ROCK ANALYSES USED IN OONSTBUOTTNO DIAGRAMS. 

Classified list of analyses used in constructing diagnims — Continued. 

Order 6. Germanare. 
Rang 1. Umptekase. 

SUBBANO 2. HieHwooDoes. 
(II. 6, 1, 2.) 

Locality. 
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0.126 
.166 



Author's name. 



Syenite... 
Trachyte . 



Taolumnc County, Cal 

Highwood Mountains, Mont . 



Reference. 



Bull. 168, 204.— W. T. 
Bull. 168, 131.— \V. T. 



SUBRANO 3. ILXXNOSB. 

(II. 6. 1, 3.) 



62.99 
67.91 
56.26 



0.139 
.181 
.171 



I 



Umptekite 

Sodall te-trachy te 
Leucite-trachyte 



Beverly, 

Monte Santo, Naples, Italy 

Viterbo, Italy 

SUBBANG 4. UMPTKKOSB. 
(11.6,1,4.) 



....I T. M. p. M., XX, 248.— W. T. 
.... A. J. 8., VIII, 1899, 290.— W. T. 
....| J. Q., V, 370.— W. T. 



64.28 


0.166 


63.71 


.162 


62.70 


.162 


60.50 


.159 


50.66 


.180 


59.01 


.171 


68.90 


.181 


58.81 


.163 


58.46 


.162 


67.62 


.172 


57.00 


.170 



Sol vsbergite 

Umptekite 

Solvsberglte 

Hedrumltc 

Nephelite-syenite 

....do 

Nephelite • solvsberg- 
lte. 

Soda-syenite 

Nordmarkite 

Hedrumite 

Heumite 



Andrews Point, Mass 

Kola, Finland 

Laugendal, Norway 

Ost6, Norway 

Crazy Mountains, Mont . 

RedHill, N. H 

Aklungen, Norway 

Laupstadeid, Norway . . . 

Cabo Frio, Brazil 

Brathagan, Norway 

do 



Rang 2. Monzonasb. 

SUBBANO 2. CIMINO0B. 
(II. 6,2,2.) 



J. G., VII, 481.-W. T. 
RosenbUBch, El., 112.— W. T. 
E. K., I, 199.— W. T. 
E. K., Ill, 377.— W. T. 
Bull. 168, 123.— W. T. 
Bull. 168, 23.— W. T. 
E. K., 1, 199.-W. T. 

B. M. A., 1898, VII. 48.— W. T. 
T. M. P. M.. XX, 244.-W. T. 
E. K., Ill, 190— W. T. 
E. K., Ill, 116.— W. T. 



66.39 
55.86 
55.46 
5A21 
51.06 



61.65 

60.56 
69.78 
68.18 



0.110 (56.6) 
.157 
.107 
.151 
.125 



Mica-trachyte Monte Catini, Italy. . 

Leucite-phonolite ' Bolsena, Italy 



Ciminite 

Leucite-trachyte . 
Durbac*hite 



Monte Cimino, Italy . 

Viterbo, Italy 

Schwarzwald, Baden. 



SUBBANO 8. MONZONOSB. 

(IL 6, 2, 3.) 



.' A. J. S., IX, 1900, 47.— W. T. 

. J. G., V, 370.-W. T. 

.; A. J. S., IX, 1900, 44.— W. T. 

J. G., V, 370.— W. T. 

W.T. 



0. 113 

.127 
.140 
.134 



Syenite..., 

Granite... 
Syenite... 
Kersautite 



!■ 



Yogo Peak, Little Belt Mountains, ' Bull. 168, 125.— W. T. 
Mont. I 

Elliott County, Ky Bull. 168, 66.— W. T. 

Custer County, Colo Bull. 168, 151.— W. T. 

Tito. Chile Z. D. G. G., U, 4.— W. T. 
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Classified list of analyses xised in constructing diagrams— Continued. 
SUBBANG 8. M0NZONO6E— Continued. 



SiUca 
con- 
tent. 



58.00 
57.97 
67.78 
57.48 
67.29 
56.76 
56.35 
66.23 
54.86 
64.42 
64.20 
62.81 
62.80 
62.68 
52.83 
62.14 
51.82 

61.46 



Alkali-silica 
ratio. 



0.142 
.116 
.147 
.U8 
.134 
.149 
.100 
.143 
.114 

.109 (54.0) 
.106 

.124 (52.6) 
.150 
.133 
.147 
.116 
.134 

.131 



Autlior's name. 



-|- 



Locality. 



Pulaakite 

Diorite 

Trachyte 

1 Andefdte 

I Quartz-banakite 

Ciminite 

Mica-lyisalt 

Trachyte 

Shosbonite 

Monzonite 

....do 

....do 

Shonktnite-monzonlte 

Banakite ' 

....do 

Syenite 

Banakite | 



.do. 



Laugenthal, Norway 

Mount Ascutney , Vermont 

Ischia, Italy , 

Pikes Peak district, Colo , 

Head of Ishawooa River, Wyo 

Arso, Ischia, Italy 

Santa Maria Basin, Arizona , 

High wood Mountains, Mont , 

Indian Peak, Wyo 

YogoPeak, Mont 

Monzoni, Tyrol , 

Bearpaw Mountains, Mont 

Maros, Celebes 

Hoodoo Mountain, Wyo 

Head of Ishawooa River, Wyo 

Heidelberg, Baden , 

Head of Lamar River, Yellowstone 
Park. 

Ishawooa Canyon, Wyo 



Reference. 



K. K., m, 875.— W. T. 

Bull. 168, 25.— W. T. 

R. T., 1873, XXXVIII. 

Bull. 168, 146.— W. T. 
I Bull. 168, 102.— W. T. 

A. J. S., VIII, 1899, 290.— W. T. 

Bull. 168, 173.— W. T. 

Bull. 168, 131.— W. T. 

Bull. 168, 100.— W. T. 

Bull. 168, 128.— W. T. 

R K., II, 24.— W. T. 
! Bull. 168, 135.— W. T. 
I G. C, 25. 

Bull. 168, 101.— W. T. 
Do. 
I R. T., 1879, XXrV'. 
' Bull. 168. 101.— W. T. 

Do. 



SUBBANG 4. AKBB08B. 

(II. 6,2,4.) 



61.87 
61.63 
61.26 
61.06 
60.44 
59.66 
58.28 
57.01 
56.79 
66.75 
66.02 
55.95 
55.53 
64.69 
53.80 
53.60 
63.15 
53.12 
51.42 
51.22 



M19 

.126 

.104 

.114 

.110 

.125 

.156 

.124 

.118 

.108 

.119 

.185 

.115 

.136 (54.6) 

.144 

.1^4 

.129 

.171 

.130 (51.3) 

.162 



Syenite 

Nephelite-Hyenite 

Andesite 

Porphyrite 

Diorite-porphyrj' . . 

Akerlte 

Syenite 

I Andesite 

' Akerite 

I Porphyrite 

I Andesite 

1 Ditroite 

j Diorite 

. Porphyrite 

I Diorite 

Basalt 

Essexite 

Tephritic-trachyte 

Basalt 

Minette 



Castle Mountain district, Mont. 

Mulatto, Tyrol 

Colombia, South America 

Crazy Mountains, Mont 

La Plata Mountains, Colo 

Vettakollea, Norway 

Crazy Mountains, Mont 

Silver Cliff. Colo 

VettakoUen, Norway , 

Crazy Mountains, Mont , 

Taal, Luzon, P. I 

Nosy Komba, Madagascar , 

La Plata Mountains, Colo , 

Crazy Mountains, Mont , 

Silver Cliff, Colo 

Reinhardswald, Prussia , 

Shefford Mountain, Quebec 

Columbretcs Islands , 

S. Rhone 

Bmthagen, Norway 



Bull. 168, 130.— W. T. 

K. A. W. W., CXI. 1, 260. 

J. G.. I, 171.— W. T. 

Bull. 168, 120. -W.T. 

Bull. 168, 162.— W. T. 

Z. K., XVI, 60.— W. T. 

Bull. 168, 121.— W. T. 

Bull. 168, 148,— W. T. 

Z. K., XVI, 60.— W. T. 

Bull. 168. 121.— W. T. 

N. J., B. B., I. 1881, 482. 

M. M., 201. 

Bull. 168, 162.- W. T. 

Bull. 168, 121.— W. T. 

Bull. 168, 147.— W. T. 

W.T. 

J. G., XI, 286. 

T. M. P. M., XVI, 314.— W. T. 

R. T., 1879, LXXII. 

E. K., m, 376.— W T 



67.81 0.094 



Rang 8. Andase. 
SUBBANG 2. . 

(IL 5,3,2.) 



Ciminite Monte Cimino, Italy . 



... A. J. S., IX, 1900, 44.— W. T. 



'il 
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Classified list of analyses xised in constmding diagrams — Ck)ntinued. 

SUBBAKG 3. SH08HON06E. 
{II. 5, 3, 3.) 



Biliea 
con- I 
tent. 



Alkali-Bilica 
ratio. 



Author's name. 



IxxMility. 



1 



59.41 
58.51 
57.97 
56.90 
66.78 
56.19 

56.05 

55.69 

54.56 

54.14 

53.49 

52.93 

52.59 

52.49 I 

52.33 

52.11 

51.00 

60.98 

50.08 

50.06 

49.69 

48.25 

47.50 

45.53 



0.102 
.095 (58.8) 
.083 (57.8) 
.097 
.093 
.092 

.107 

.100 (56.6) 

.076 (.075) 

.077 

.104 

.132 

.099 (52.7) 

.102 

.103 

.997 (51.8) 

.116 

.120 (50.7) 

.137 

.110 

.107 

.118 

.117 

.140 



Andesite .... 
' Mictt-<Uorite. 

• Diorite 

I Syenite 

! Latite 

do 



Shofihonite , 

Vulsinite , 

Andesite 

do 

Shofihonite 

Banakite , 

Basalt 

Shoshonlte , 

Auglte-porphy y , 

Basalt 

Monzonite , 

Mondhaldeite 

do 

Shofihonite 

Basalt 

Dolerite 

Labrador-porphyrite . 
Leueite-monchiquite . 



Cabo da Gata, Spain 

Crystals Falls, Mich 

Crazy Mountains, Mont . 

Denver Basin, Colo 

Clover Meadow, Cal 



Table Mountain, Tuolumne County, 
Cal. 

Two Ocean Pass, Yellowstone Park . . 

Rocca Monflna, Italy 

Radicofani. Italy 

do 

Beaverdam Creek, Yellowstone Park. 

do 

Table Mountain, Colo 

Pyramid Peak, Yellowstone Park 

Cottonwood Creek, Mont 

Crandal 1 Badn , Wyo 

Highwood Mountains, Mont 

Mondhalde, Kaiseistuhl, Baden 

.....do 

Lamar River, Yellowstone Park 

Denver Basin, Colo 

do 

Qran, Norway 

Bohemian Mittelgebirge 



Reference. 



Z. D., g. G., XLIII, 719.— W. T. 

Bull. 168, 67.— W. T. 

Bull. 168, 122.— W. T. 

Bull. 168, 140.— W. T. 

Bull. 168. 205.— W. T. 

Bull. 168, 205.— W. T. 

Bull. 168, 100.— W. T. 

J. G., V, 358.— W. T. 

A. J. S., IX. 1900, 52.— W. T. 

Do. 
Bull. 168, 100.— W. T. 
Bull. 168, 102.— W. T. 
Bull. 168, 140.— W. T. 
Bull. 168, 100.— W. T. 
BuU. 168, 112.— W. T. 
Bull. 168, 92.— W. T. 
Bull. 168, 133.— W. T. 
W.T. 

Do. 
Bull. 168, 100.— W. T. 
Bull. 168, 140.— W. T. 

Do. 
Q. J. G. 8., L, 33.— W. T. 
Bosenbusch, El., 236.— W. T. 



SUBBANO 4. ANDOBE. 

(II. 5, 3, 4.) 



58.45 


0.080 


58.42 


.099 


58.05 


.083 


57.64 


.104 (57.8) 


57.59 


.070 (57.8) 


57.38 


.071 (57.1) 


57.32 


.098 (57.5) 


57.26 


.102 


67.25 


.067 


57.17 


.079 



67.11 
66.91 
56.70 
56.49 
56.21 
56.19 
56.09 I 
56.07 I 
55.93 I 
55.92 I 

65.80 I 
65.34 I 



.084 (67.6) 

.085 

.074 (56.6) 

.112 (57.1) 

.104 

.076 

.080 

.091 (56.9) 

.108 (55.8) 

.095 

.076 



Diorite 

Andesite 

Diorite 

Augite-porphyrite 

Quartz-basalt 

Pyroxene porphyry . . 

Monzonite 

Diorite 

Quartz- basalt 

Andesite 



.....do 

.....do 

Quartz-basalt 

Diorite 

Qabbro-diorite... 

Andesite 

Diorite 

Andesite 

Gabbro-diorite .. 
Andesite 



Pen Maen Mawr, N. Wales 

Taal, Luzon, P. I 

Electric Peak, Yellowstone Park 

Crandall Basin, Wyo 

Silver Lake, Laasen, Cal 

Electric Peak, Yellowstone Park. . . . 

Crandall Basin, Wyo 

...-do 

Cinder Cone, Lassen, Cal 



Sepulchre Mountain, Yellowstone 
Park. 

Mill Creek, Lassen, Cal 

Colombia, South America 

Cinder Cone, Lassen, Cal 

LitUe Falls, Minn 

Crandall Basin, Wyo 

Buffalo Peaks, Colo 

Campo Major, Portugal 

Bogofllof Island 

Crandall Basin, Wyo 



Diorite (norite) . 
Norite 



Sepulchre Mountain, Yellowstone 
^ark. 

Klausen, Tyrol 

Montrose Point, N. Y 



Q. J. G. S., XXXIII, 424. 
N.J..B.B., 1, 1881,481. 
Bull. 168,87.— W.T. 
Bull. 168, 93.— W. T. 
Bull. 168, 185.— W. T. 
Bull. 168, 87.— W. T. 
Bull. 168, 93. -W. T. 

Do. 
Bull. 168,184.— W.T. 
Bull. 168,90.— W.T. 

Bull. 168, 182.— W. T. 
J. G., I, 171.— W. T. 
J. G., 1, 184.— W.T. 
R.T., 1879,XXX1V. 
Bull. 168, 93.— W. T. 
Bull. 168, 153.— W. T. 
E. K., II, 37.— W. T. 
Bull. 168, 227.— W. T. 
Bull. 168, 93.- W. T. 
Bull. 168, 90.— W. T. 

K. K., II, 37.— W. T. 
W.T. 



42 



CHEMICAL COMPOSITION OK IGNEOUS ROCKS. 



Oxuanfied UjU of annly»e* wvd in conMrnrting dUigramn — Continued. 
SCBRANO 4. Akdohb— Continued. 



SiUca 
con- 
tent. 



55.20 
55.13 
54.62 
54.66 
64.52 
53.94 
58.89 
63.71 
58.48 
58.10 
62.97 
62.91 

62.63 

52.88 

52.87 

52.37 

52.27 

62.12 

52.09 

61.57 

51.54 , 

60.99 I 

60.97 

60.73 ' 

60.56 

49.40 

49.24 

49.04 

48.90 

48.85 

48.76 

48.18 

48.06 

44.85 



Alkali-flUlca 
ratio. 



0.075 (55.4) 
.107 
.075 
.106 
.092 
.066 
.099 
.098 
.069 

.184 (63.2) 
.107 
.119 

.082 (62.7) 

.093 

.084 

.082 (51.8) 

.095 

.095 

.085 

.090 

.110 

.101 

.112 (60.6) 

.099 

.079 

.067 

.092 (49.7) 

.110 

.090. 

.isr 

.106 
.093 
.0»4 
.110 



Author's 



I 



Andeiite . 



Diorite 

Andedte 

Diorlte-porphyrite. . . 

Diabase 

Dolerite 

Basic andeiitic glaw. 

Mica-gabbro 

' Qnartx-diorite 

CoTite 

Basalt 

. Diabaiie- syenite -por- 
phyry. 

Basalt 

do 

do 

' do 

do 

! Diorite 

' Basalt 

I 
do 

, Andesite i 

Camptonite j 

Keisantite 

Diorite I 

' Basalt ' 

I 

I Faclesof monzonite.. 

Dolerite 

I Basalt 

Diorite 

Essexite 

I Basalt 

Olivine-diabase 

I Ketsantite 

I Nephelite-tephrite ... 



Locality. 



Butte County, Gal 

Neihart,Mont 

Luaon.P.I 

Crazy Mountains, Mont .... 

Diabase Hills, Nev 

....do 

Indian Ridge, Wyo 

Crandall Basin, Wyo 

Crazy Mountains, Mont 

Nosey Komba, Madagascar . 
Pikes Peak district, Colo . . . 
Holmestrandy Norway 



Shasta County, Cal 

Rio Grande, N.Mex 

Absaroka Range, Yellowstone Park . . 

Rio Grande, N. Mex 

do 

Mount Ascutney,Vt 

Crandall Basin, Wyo 

Rio Grande, N. Mex 

Bogoslof Island, Alaska 

Ishawooa Canyon, Wyo 

Guanta, Chile 

Crazy Mountains, Mont 

Plumas County, Cal 

Predazzo, Tyrol 

Ferdlnandea 

Buffalo Peak, Colo 

Schwarzenberg, Vosges 

Mount Johnson, Quebec 

Pikes Peak district, Colo 

Biella, Piedmont 

Laugeudal, Norway 

Mittelgebirge, Bohemia 



Reference. 



Bull. 168, 182.— W.T. 
Bull. 168, 127.— W.T. 
N.J.,B.B.,I,1881,471. 
Bull. 168, 121.— W.T. 
Fortieth Par.. 1 1, 812. 

Do. 
Bull. 168, 92.— W.T. 

Do. 
Bull. 168, 121 .—W.T. 
M.M.,a04. 

Bull. 168, 145.— W.T. 
Z.K.,XVI,28.— W.T. 

Bull. 168, 186.— W.T. 
Bull. 168, 169.— W.T. 
Bull. 168, 109.— W.T. 
Bull. 168, 169.— W.T. 

Do. 
BuU.168,26.— W.T. 
Bull. 168, 92.— W.T. 
Bull. 168, 169.— W.T. 
Bull. 168, 227,— W.T. 
Bull. 168, 110.— W.T. 
Z.D.g.G.,LI,4. 
Bull. 168, 122.— W. T. 
Bull. 163, 189.— W. T. 
E. K.. II, 102.— W. T. 
T. M. P. M., 1883, 398. 
Fortieth Par., I, 676. 
Rosenbusch, El., 140. 
J. G., XI, 265. 
Bull. 168, 145.— W. T. 
R. T., 1884, XLII. 
E. K., Ill, 376.— W. T. 
Rosenbusch, EI., 846.— W. T. 



SUBRANQ 5. BKKRBACHOSB. 

(n. 5, 3, 5.) 



55.06 
62.58 
47.21 



0.081 
.073 
.109 



Andesite-basalt. 

Andesite 

Beerbaohite...., 



Shasta County, Cal . 

S.W.Tlfli8 

Odenwald, Hesse. . . 



I 



Bull. 168, 176.— W. T. 
Z. D. g. G., XXIX, 823. 
Rosenbusch, El., 219.— W. T. 



Rang 4. IIessasb. 
subrano 8. hb880bb. 

(IT. 5, 4, 3.) 



57.47 
56.94 
55.53 
55. 14 



0.072 
.074 
.062 
.075 



Basalt 

Anorthosltt' 

Andesiti* 

Secretion in dacite . . . 



Cascade Range, Greg 
Elizabethtown. N. Y 
Plumas County, Cal . 
Lassen Peak, Cal 



Bull. 168, 223.— W. T. 
Bull. 168, 87.— W. T. 
Bull. 168, 181.— W. T. 
Bull. 168, 179.— W. T. 



ROCK ANALYSES USED IN CONSTBUOTPING DIAGRAMS. 

CUigsified liM of analyses used m constructing diagrams — (Continued. 

Rang 4. Hbhsabb — Continued. 

SuBRAKG 3. HESsoeR— Continued. 
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Silica 
con- 
tent. 



53.91 
68.86 
63.18 

63.00 
62.95 
62.16 
62.05 
61.27 
49.93 
49.88 
49.80 
49.16 
48.29 
47.94 
47.88 
46.71 
46.45 
45.20 
44.72 
48.42 
43.19 



Alkali-silica 
ratio. 



0.066 
.068 
.062 

.070 

.078 (52.7) 

.074 

.075 (51.7) 

.064 

.074 

.067 

.049 

.095 

.089 

.060 (47.5) 

.066 

.086 

.047 

.071 

.047 

.044 

.094 



Author's name. 



Lorality. 



I Dolerite . 



Secretion in daclte.. 
Anorthoflite. • 



Diorita . 
Basalt.. 



Plumas County, Cal . 
Lassen Peak, Cal 



Whiteface Mountain, Adirondacks, 
N.Y. 

Schwarzenburg, Vosges 

Shasta County, Cal 



Monsonlte < Predazso, Tyrol . 

Dioilte 

do 

Dolerite 

Olivine-gabbro . . 

Gabbro 

do 

Oabbro-diorite .. 

Basalt 

Gabbro 

Oliylne-gabbro . . 

....do 

Diorite 

Corsite 

Gabbro-diorite... 
Basalt 



Ouray County, Colo 

LitUe Falls, Minn 

Patemo, Etna, Sicily... 

Pigeon Point, Minn 

Crystal Falls, Mich 

Duluth, Minn 

Minnesota Flails, Minn. 

Shasta County, Cal 

EUsabethtown, N. Y. . . . 

lAngenlois, Austria 

Minnesota 

Tuc d'£Bs, Pyrenees 

Poudidre, Auvergne 

Ilchester, Md 

Westphalia 



Reference. 



Bull. 168, 189.— W. T. 
Bull. 168, 180.— W. T. 
Bull. 168, 86.— W. T. 

Rosenbusch, El., 140. 

Bull. 168, 186.— W. T. 

E. K.. II, 25.— W. T. 

Bull. 168, 16L— W. T. 

R. T., 1879, XXXIV. 

R. T., 1884, LXXX. 

Bull. 168, 76.— W. T. 

Bull. 168, 67.- W.T. 

Rosenbusch. El., 161. 

Bull. 168, 83,— W. T. 

Bull. 168, 176.— W. T. 

BuU. 168, 87.— W. T. 

R. T., 1879, XXXVni. 

Bull. 168, 82.— W. T. 

C. O. I., VIII, 1901, 8t2.— W. T. 

R. T., 1879, XXXVI. 

Bull. 168, 44.— W. T. 

R. T., 1879. LXXIV. 



44.04 
43.41 




Rang 5. Corsasb. 

(II. 5, 6.) 



Diorite Stone Run, Md 

Olivine-gabbro Tuolumne County, Cal . 



Bull. 168, 45.— W. T. 
Bull. 168, 206.— W. T. 



Order 6. Noroare. 



Rang 1. Laubdalasb. 

SUBRANO 2. FEBOUS08B. 
(11.6,1,2.) 



61.76 0.147 



Pseudoleucite-syenite Highwood Mountains, Mont . 



Ball. 168, 183.— W. T. 



SUBRANO 3. JUDITHOBB. 

(II. 6, 1, 3.) 



57.63 
67.46 
63.09 
52.91 
61.94 



0.198 
.196(57.3) 
.226(53.2) 
.224 
.157 



Tinguaite 

do 

Foyaite 

Leucite-tinguaite 
Trachyte 



Judith Mountains, Mont 

Bearpaw Mountains, Mont. . 

Magnet Cove, Ark 

....do 

Highwood Mountains, Mont 



A. J. 8., II, 1896, 192.— W. T. 
Bull, 168, 186.— W. T. 
J. G., IX, 611.— W. T. 
I. R. A., 287.— W. T. 
Bull. 168, 131.- W. T. 
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CHEMICAL COMPOSITION OF IGNEOUS ROCKS. 
Gamjied list of analyte* used in construding diagram* — Continued. 

SUBKANO 4. LaURDAIXMB. 
(II. 6. 1. 4.) 



Silica 
con- 
tent. I 



69.88 
66.68 
66.35 
56.90 
55.65 
65.18 
54.65 
54.04 
58.81 
53.73 
51.96 
50.96 

47.61 
45.16 



Alkall-dlica 
ntUo. 



0.188 
.242 
.211 
.209 
.225 
.182 
.192 
.283 
.192 
.214 

.155(51.6} 
.229 

.190 
.196 



Author's nune. 



Locality. 



Hedmmite 

Tinguaite 

Latudalite 

Tinguaite 

....do 

Syenite 

Laurdalite 

Leucite-tinguaite 

Syenite-pegmatite 

Nephellte-syenite 

Soda-mlnette 

Leuclte-nephelite- 
syenite. 

Tinguaite 

Olivine-laurdalite 



Uedrum, Norway 

do 

Farrifl, Norway 

Foya, Portugal 

Hedrum, Norway 

do 

Lougendal, Norway 

Magnet Cove, Ark 

Stoksond, Norway 

Transvaal 

LangeBundaf jord, Norway . 
Magnet Gove, Ark 

Two Buttes* Colo 

FarriB, Norway 



Reference. 



E. K., Ill, 377.— W. T. 

E. K.. 1, 199.— W. T. 

E, K., Ill, 875.— W. T. 

T. M. P. M., XVI, 282.— W. T. 

E. K., 1, 199.— W. T. 

E. K., Ill, 875.— W. T. 

Do. 
I. R. A., 287.— W. T. 
Z. K., XVI, 116.— W. T. 
Roeenbuach. £1.. 126.— W. T. 
E, K., II, 876.— W. T. 
I. R. A., 276.— W. T. 

Bull. 168, 165.— W. T. 
E. K., Ill, 875.— W. T. 



Rang 2. Khrbtajir. 

subbamg 3. bobolanosk. 

(II. 6. 2, 8.) 



52.05 
61.35 
50.24 
A). 16 
49.70 
47.8 



0.132 
.165 

.158 (49. 9-. 154) 
.142(49.8) 
.167 
.204 



Monsonite Higbwood Mountains, Mont 

Nephelite-f elaite ' Magnet Core, A rk . 

Leucite-tepbrite | Bolsena, Italy 



Sbonkinite. 

Covlte 

Worolanite.. 



Maroa, Celebes 

Magnet Cove, Ark. . 
Lake Borolan, Scotland 



BulL 168, 183.— W. T. 

I. R. A., 263.— W. T. 

J. G., IV, 661.— W. T. 

G. C, 24. 

J. G., DC, 612.— W. T. 

Roaenbuacb, EL. 126.— W. T. 



SUBRAXQ 4. EaiBXoaB. 
(II. 6, 2, 4.) 



.'».07 


0.162 


54.81 


.173 


5L90 


.210 


5L10 


.178 


50.50 


.148 


50.26 


.210 



49.90 
48.69 
48.46 
48.35 
47. M 
47.67 
46.48 



.156(49.3) 

.151 (49.0-. 150) 

.243 

.161 

.150(48.3) 

.150 (4&0) 

.162 



Rbombenporpbyry . . . 

Nepbelite-syenite 

Laurdalite 

Covlte 

Nepbelite-monsonite . 

Nepbelite - s y e n 1 1 e- 
porpbyry. 

Leucite-kulaite 

Olivine-eswexite 

Heumlte 

Kubiite 

Essexite 

Tberalite 

Moncbiquite 



Stoksund, Norway , 

Cripple Creek, Colo 

Lunde, Norway , 

Nosy Komba, Madagascar 

Rongstock, Bobemia , 

Viezzena, Tyrol 

Kula, Asia Minor 

Mount Jobnson, Quebec . . 

Lougendal, Norway 

Kula, Asia Minor , 

Salem Neck, Mass 

Alabaugb Creek, Mont... 
Rio de Janeiro, Brazil 



I Z. K., XVI, 116.— W. T. 
BulL 168, 144.— W. T. 
E. K., m. 875.- W. T. 
M.M.,204. 

T. M. P. M.. XTV, 98, 99.— W. T. 
K. A. W. W., CXI, I, 276. 

J. G., Vm. 613.— W. T. 

J. G., XI. 265. 

E, K., Ill, 376.- W. T. 

J. Q., VIIL 613.— W. T. 

Rosenbuscb, El., 172.— W. T. 

Bull. 168, 124.— W. T. 

Rosenbuscb, El.. 235.— W. T. 



BOCK ANALYSES USED TSl OOITSTBUOTINa DIAOBAHS. 
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Clamfied list of analyses used in corutrtLcting (fia^anu^— Continued. 
Rang 3. Salsmasb. 

SUBBAKG4. SaLKMOSK. 
(II. 6, 3. 4.) 



Silica 
con- 
tent. 



50.47 
49.95 
48.50 
46.40 
45.82 
43.66 



AlkaU-Bilica 
ratio. 



0.132 
.132 
.138 
.151 
.110 
.142 



Author's name. 



Au^te-diorite 

Microessexite 

Basexite 

Augite-diorite 

Horablende-gabbro . . 
Easexite 

Basalt 



Locality. 



Silver Cliff, Colo 

Nosy Kamba, Madagascar. 

Jangoa, Madagascar 

Ullemas, Norway 

Salem Neck, Mass 

Cabo Frio Island, Brazil 



Reference. 

Bull. 168, 147.— W. T. 
M. M., 204. 

Do. 
Z. K., XVI, 49.— W. T. 
J. G., VII, 63.— W. T. 
Rosenbusch, El.. 1?2.— W. T. 



47.30 0.187 



45.76 
45.11 



0.086 
.090 



Gabbro. 
Dlorite . 



8nBRANo5. — 
(11.6,3,5.) 



Rang 4. 



SUBRAMQ 3. — 
(II. 6, 4, 3.) 



Rosswein, Saxony., 
Lindenfeld, Hesse. 



Pedregal, Mexico W. T, 



N. J.. 1898, II, 608.— W. T. 
W.T. 



51.98 0.278 



Order 7. Italare. 

Rang 1. Lujavrase. 
Sttbbamo 3. Janeirosb. 

(II. 7, 1, 3.) 



Leucite-tinguaite Bearpaw Mountains, Mont . 



SUBRANO 4. LUJATBOflX. 

(n. 7, 1, 4.) 



Bull. 168, 186.— W. T. 



54 14 


0.238 
.255 

.208 (51.6) 
.271 
.234 


Lnlavrite 


Umpte k, Finland 

Picota, Portugal 

Laugendal, Norway 

Allochet, Monzoni, Tyrol 


Rosenbusch El 126 W T 


52 25 


Chibinite 


Fennia XI 2 132— W T 


51.94 
80.63 
48.86 


Camptonltic tinguaite 
Nephelite-porphyry . . 
AUocbetite 


T. M. P. M., XVI, 272.— W. T. 
E. K.. Ill, 157.— W. T. 
A. W. W., 1902. Anz. XXI. 



Rang 2. Vulturase. 

SUBRANG 2. . 

(II. 7, 2, 2.) 



80.32 
49.73 
47.89 



0.157 
.158 (49.6) 
.161 (47.8) 



Basanite 

Leucite-tephrite . 
Leucitite 



Vesuvius 

Bracciano, Italy. 
....do 



R. T., 1861, 25. 
! J. G., V, 870.— W. T. 
Do. 
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CUutified lift of analytes U9ed in condrtwtirig diagranu — Continued. 

BUBKANO 8. . 

(H. 7.2.S.) 



Silica 
con- 
tent. 



4g.<» 



Alkali-dlica 
ratio. 



0.167 



42.46 



0.229 



47.40 



0.130 



Author's name. 



I 



Locality. 



Reference. 



B-nanite Oranatello. VesiiviuH R. T., 1«61, 25.» 



SUBRANQ 4. VULTUROBE. 

(II. 7, 2, 4.) 



I HaOynophyre Melfl, Italy Ronenbuach, El., 357. 



Rang S. 



SUBRANO 3. 



(II. 7,3,3.) 



Leucite-tephrite ' Rocca Monflna, Italy ' J. O., V, 870.— W. T. 



Order 8. Campanare. 
Rang 1. . 

SUBBANO 3. 

(II. 8, 1, 3.) 



50.00 
46.48 



0.287 
268 



TlnflTuaite . 
Leucitite . . 



Beemerville. N.J 

Etinde Volcano, Kamenmd, Africa. 



Bull. Mi». Gomp. Zool., XXXVIII, 
1902, 276.— WTt. 

W. T. 



SUBBANG 6. • 



(II. 8,1,6.) 



47.43. 



0.888 



47.71 
47.66 
47.58 
46.36 



0.167 
.157 
.149 
.160 (46.2) 



Soda-ffumexite . 



Penikkavaara, Finland . 



... B. C. G. P., Kl, 22.— W. T. 



Rang 2. Vesuvasb. 

SUBBAMO 2. VBBUVOSB. 
(II. 8, 2, 2.) 



Leucite-bamnite . 

do 

Leucitophyru 

....do 



Lava of 1631, Vesuvius. 
Lava of 1872, Vesuvius. . 

Vesuvius 

....do... 



W.T. 

W.T. 

R. T., 1884. LVI. 

R. T., 1884, LVm. 



44.40 



0.252 



Order 9. Lappare. 
Rang 1. Urtabb. 

SUBBANO 8. ARKANH08B. 
(II. 9. 1, 8.) 



Arkite Magnet Cove, Ark. 



J. Q.. IX, 616.— W.T. 



ROCK ANALYSES USED IK CONSTRUCTINQ DIAGRAMS. 
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Silica 
con- 
tent. 



46.46 
45.43 
45.28 
43.02 



Classified list of analyses used in constructing diagrams — Continued. 

SrBRANQ 4. URTOBE. 

(11. 9, 1, 4.) 



Alkali-silica 
ratio. 



0.397 
.391 
.418 
.378 



Author's name. 



Locality. 



Reference. 



Uitite . 

do. 

do. 



Ijolite.richinnephe- 1 Kmiosamo, Finland 
lite. 



Lujavr Urt, Kola, Finland G. F. S. F., XVIII, 462.— W. T. 

do Do. 

....do Rosenbuflch. El., 126.— W. T. 

I B. C. G. F., XI, 17.— W. T. 



CLASS III. SALFEMANE. 

Order 3. Atlantare. 
Bang 1. Rockallasb. 









SUBRANO 2. . 










(III. 3» 1. 2.) 




68.76 


0.144 


Pantellerlte 


Pantellaria 


Z. K., VIII, 179.-W. T. 






SUBR1.N6 5. RoCKALLOaS. 










(III. 3,1,5.) 




73.60 


0.091 


Rockallite 


Rockall Island, Atlantic Ocean 


Geol. Ma«., VI. 168.-W. T. 






Order 4. Vaalare. 










Rang 3. Vaalase. 










SrBRANG 4. VAALOSE. 










(III. 4.3.4.) 




63.89 


0.068 


Quartx-gabbro 


Harz 


R. T., 1884. XXXIV. 


63.35 


.067 (52.8) 
.047 (62.9) 


Basalt 


Teanaway River, Kittitas County, 
Wash. 

Cape Colony, Africa 


Bull. 168, 226.— W. T. 


62.67 


01ivine-diab««e 


N. J., 1887, V. a49.-W. T. 
Do. 


62.22 


.048 (61.^.061) 


Olivine - disbaae - por- 
phyrite. 


do 














T? A vn 4 










SUBRANO 8. . 










(III. 4, 4. 3.) 




56.18 


0.036 


Diorite 


Washington, D. C 


Bull. 168, 44.— W. T. 
Z. K. XVI 27 — W T 


45.75 


.027 


Melaphyre 


Holmestrand, Norway 














Rang 5. . 










(III. 4. 6.) 




47.00 


0.008 


Olivine-gabbro-dia- 
base. 


Solvsberget, Norway 


Z. K.. XVI. 27.-W, T. 
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Clasgified lid of analyses used in constructing diagramB— Continued. 

Order 5. Gallare. 

Ranq 1. Orendask. 

SrBRANii 1. ORENDOflK. 
(III. 5, 1, 1.) 



Silica 
con- 
tent. 



54.17 
54.08 
58.70 



Alkali-silica 
raUo. 



Author's name. 



Locality. 



Reference. 



0.160 Orendlte " Leucite Hills, Wyo Bull. 168, 86.— W. T. 

.163 do \ do Do. 

.160(53.6) ' Wyomingite ' do Bull. 168. 85.— W. T, 



SUBRANG 2. 

(HI. 5,1,2.) 



50.23 0.1fiO 



Wyomingite Leucite Hilla, Wyo BulL 168, 85.— W. T. 



49.71 0.090 
19.03 ' .082 
48.36 .080 



Rang 2. Kilauasb. 
8ubrano 2. prowkr806k. 

(III. 6, 2, 2.) 



60.41 


0.113 


Hyenitic lamprophyre 


Two Buttes, Colo 


Bull. 168, 165.— W. T. 










8UBRANO 8. LAXAROSE. 
(IIL 5, 2, 3.) 


48 96 


0.107 
.097 
.099 
.090 (47.6) 


Shonklnite 

Absarokite 

Mlca-picrophyre 

Leucite-abearokite ... 


Yogo Peak, Mont 


Bull. 168. 128.— W. T. 
Bull. 168, 99.— W. T. 
R. T., 1879, XLVL 
Bull. 168, 97.-W.T. 




48 95 


Hoodoo Mountain. Wyo 




47.56 
47.82 


North of Prag, Bohemia 

Sunlight Valley, Wyo 




SUBRANO 4. KILAU08E. 
(III. 5, 2. 4.) 


46.62 
43.35 


0.085 (45.2) 
.099 


Basalt 

AuRltite 


Volcano Butte, Castle Mountains .... 
Mittelgebirge, Bohemia 


Bull. 168, 180.-W. T. 
Rosenbuflch, £1., S63. 











Rang 3. Camptonahe. 

SUBRANO 2. AB8ABOK08E. 
(III. 5, 3, 2.) 



Absarokitc Cache Creek, Yellowstone Park. 

Leucite-bHMinite Bolsena, Italy 

Absarokite I Clark Fork, Wyo 



Bull. 168. 99.— W. T. 
J. G., V. 370.— W. T. 
Bull. 168, 99.— W. T. 



BOCK ANALYSES USED IN CONSTRUCTING DIAGRAMS. 

Classified list of analyses used in constructing diagrams — Continued. 

SUBRANG 3. KENTALLENOSK. 
(III. 5, 3, 3.) 
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Silica 
con- 
tent. 



Alkali-silica 
ratio. 



Author's name. 



LtXJiility. 



52.09 
01.76 
51.65 
50.82 

50.35 



0.074 
.083 
.107 
.076 

.101 



Kentallenlte Glen Shira, .\rgyll»lilre, ^k•otland . . 

Absaroklte Absaroka I^nge, Yellowstone Park 

Lamprophyre Cottonwood Canyon, Mont 



do 

Olivine-nionzonite ...i Smfilingen, Swe<Ien 



Antelope and ^^()uth Boulder creeks 
Mont. 



Reference. 



. Q. J. G. S., LVI. 637.— W T. 
. Bull. 108, 99.— W. T. 
. Bull. 168, 112.— W. T. 
Bull. 168, 113.— W. T. 

. E. K., II, 46.— W. T. 



SUBRANO 4. CAMPT0N08E. 
(III. 5. 3, 4.) 



54.56 ! 0.067 



63.66 j 
52.35 I 

51.81 

61.23 : 

49.35 
48.60 
48.22 I 
47.91 ' 
47.90 I 
47.28 [ 
47.16 
46.74 I 
45.30 
40.60 



.077 

.067 

.077 

.076 

.074 

.096 (48.4) 

.084 

.086 

.094 

.083 

.077 

.089 

.107 

.078 



Quartz- basalt 

M ica-porph y ry 

Diorite 

Gabbro- porphyry 

Diabase 

Dolerite 

Nephelite-basalt 

Camptonite 

Basalt 

£ssexitc 

Leucite-absarokite . . 

Gabbro 

do 

Basalt 

Camptonite 



Cinder Cone, Gal 

Grandall Basin, Wyo 

Little Falls, Minn 

Crandall Biusln, Wyo 

Halleberg, Sweden 

Pantellaria 

'Elkhend Mountain.*!, Colo . 

Mount Ascutney, Vt 

Washoe, Nev 

Tofteholmen, Norway 

Ishawooa Canyon, Wyo . . . 

Elizabeth town, N. Y 

....do 

Mount Trumbull, Ariz 

Maena, Gran, Norway 



Bull. 168, 185.— W. T. 
Bull. 168. 92 — W. T. 
X. J.. 1877, 129. 
Bull. 168, 9-2.-^', T. 
Rosenbusch. El., 328. 
T. M. P. M.. 1883, 393. 
Fortieth Par., I.. 676. 
Bull. 168, 26.— W. T. 

E. K., II, 376.-W\ T. 
Bull. 168, 99.— W\ T. 
Bull. 168, 37.— W. T. 
Do. 
j Bull. 168, 174.— W. T. 
E. K., Ill, 376.— W. T. 



SUBRANG 5. ORNOSK. 

(III. 6,3,6.) 



54.14 
46.11 



0.074 

.081 (.077) 



I Tachylite Hanover 

Omoite ' Onio, Sweden . 



R. T., 1879, LXXIV. 

G. F. S. F., XV, 108.— W. T. 



Rang 4. Auvergnask. 

SUBRANO 2. . 

(III. 5.4.2.) 



50.03 
46.86 



0.062 (49.4) 
.065 



Lamprophyre South Boulder Creek, Mont Bull. 168, 113.— \V. T. 

Diabasc-pitchstone ... I Meriden . ("onn Bull. 168, 35.— W. T. 



SUBRANO 3. ArVERONOSK. 

(III. 5, 4, 3.) 



53. 13 
52. 42 
52.68 
61.78 
51.46 



0.063 
.046 
.0o7 
.044 
.057 



Diaba.se ' Jersey City, N.J 

do I Wintergreen Lake, Conn. 

Dolerite Mount Holyoke, Ma«s 

Diabase ; New Haven, Conn 

Gabbro [ Sturgeon Falls, Mich 



A. J. S., IX, 1875, 187. 
A.J. S., IX, 1^75, 189. 
A. J. S., IX, 1875, 186. 

Do. 
Bull. 168, 70.— W. T. 
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Clarified liM of analyses luted in cojistrufiing diagrams — Continued. 
SUBRANG 3. AuvERGNOflE— Continued. 



Silica 
con- 
tent. 



51.36 
50.89 
49.87 
49.63 
49.18 
48.23 
48.04 
47.93 
47.90 
47.54 
47.46 
47.29 
45.66 
44.90 
44.97 
44.77 
43.50 

42.77 
42.68 
42.03 



Alkali-Billca 
ratio. 



0.040 
.053 
.062 

.050(49.5) 
.035 
.034 
.045 

.047 {47.7.1 
.043 (47.4-. 
.070 (47.8-. 
.082 
.029 
.049 



.\uthor'8 name. 



Locality. 



OlO) 
079) 



.072 
.057 
.062 

.063 
.045 
.053 (.a')5) 



Basalt 

....do 

....do 

' Diabtt.se 

' Basalt 

' Norite 

j Bamlt 

do 

Diaba.«(c 

Basalt 

(rHbbro 

PyroxentMiriejfitc 

OH vine-ffabbro 

Pyroxene-iiriegiti* 

Gabbro 

Basalt 

Honiblcnde-monchi- 
quite. 

OHvlne-iiiabaMC 

Arieglle 

Fourchite 



Orange. N. J 

Lawen Peak, Cal 

Paiitellariu 

Mount .Xwutney. Vt 

Di8ko, Greenland 

Cr>Btal Falls, M ich 

Ovifak, G reenland 

Paynes (?reek , Cal 

Penokee-(fOKeblc Range, Mich. 

Grant, N. Mex 

Saleix, Pyrenees 

Lherz, Pyrenew 

Bireh Lake, Minn 

Tuc d" E«K, f»y renees 

ElizalK'thtown, N. Y 

Kosk Creek, Cal 

5Iagnet Cove, Ark 



Reference. 



Bull. 168. 39.— W. T. 

Bull. 168, IHti.— W. T. 

T. M. P. M., 1883, 393. 

Bull. 168, 26.— W. T. 

T. M. P. M., 1874, 120. 

Bull. 168. 67.— \V. T. 

T. M. P. M., 1874, 121. 

Bnll. 168, 186.— W. T. 

Bull. 168, 73.— W. T. 

Bull. 168, 170.— W. T. 

C. G. I., VIII, 1901, 832.— W. T. 

(\ G. I., VIII, 1901, 833.— W. T. 

Bull. 168. 81.— W. T. 

C. G. I., VIII, 1901. H33.— W. T. 

Bull. 168, 37.— W. T. 

Bull. 168. 186.— W. T. 

RoHenbuBch, El., 2:J5.— W. T. 



Campton, N. H 

Eseourginit. Pyrenees 

Fonrelie Mountain. Ark. 



A. J. S. XVII, 1879, l.iO. 

C. G. I.. VIII, 1901, 833.— W. T. 

I. R. A.. 108.— W. T. 



Rang 5. Kedahekahb. 
(in. 5, 5.) 



18.02 
47.09 
44.76 
41.64 
44.38 
44.11 
42.32 
38.95 



0.010 
.014 
.020 

.017 (45.1) 
.019(43.8) 
.012 
.025 
.029 



Norite ' MeKinwys Mill. Md... 

Ariegite ! Lher/, Pyrenees 

Hypersthene-gabbro . Wetheredville, Md .... 

Kedabekite Kedabek, Russia 

Ariegite Lherz, Pj'renees 

Kedabekite Kedal>ek, Rujisia 

Ariegite ' Lherz, Pyrtmees 

do do 



. Bull. 168, 4:..— \V. T. 

.1 C. r}. L. VIII. 1901. 833.— W. T. 

Bull. I(i8. 44.— W. T. 
, \V. T. 

C. G. I.. VII, 1901, 83:J.— W. T. 

W. T. 

C. G. L, VIII, 1901, 83:J.— W. T. 
Do. 



Order 6. Portugare. 

Rang 1. Wyomingase. 

SUBRANO 3. . 

(III. 6, 1,3.) 



50.00 0.110 



Shonkinite Bearpaw Mountains. Mont Bull. 168, 136.— \V. T. 



SUBRANO 4. - 



(III. 6. 1, 4.) 



48.39 
45.72 
12.30 
40.03 



0.121 (48.5) 
.166 
.157 
.140 (40.2) 



Analcite-basalt 1 Little Belt Mountains, Mont . 

Monchi(iuitc | Fohbergc^, Baden 

Nephelinite | Katzenbuc^kel, Oden wald 



Bull. 168, 128.— W. T. 

W. T. 

Rosenbusch, El., 367. 



C^mptonite Oxford, N.J Roscnbusch, El., 235.— W. T, 
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Clasitijied lift of ancdyMs used in constructing diagrams — Continued. 
Rang 2. Monciiiquabe. 

SUBRANO 3. SHONKINOSE. 
(III. 6.2,3.) 



Silica , 
con- 
tent. I 



49.59 

48.05 

47.98 

46.73 

45.19 ! 

43.85 



Alkali-silica 
ratio. 



0.139 
.142 (48.5) 
.136 

.088 (4.'>.9) 
.101 (44.8) 
.150 



Author's name. 



Locality. 



Reference. 



-W. T. 



Lcuclte-!«yenit« Hlghwood MountainM. Mont Bull. 168, 132.- 

Shonkinite Maroe, Celeboj* G. C. 23. 

Leucitc- basalt ; High wood Mountains, Mont Bull. 168, 132— W. T. 

Shonklnite Square Butte. Mont B. G. S. A., VI, 414.— W. T 

I Nephelite-baNiilt j Breitfirst, Hef<se Rooenbusch, El., 357. 

Leucitc-monchiquite. MittelgebirRe, Bohemia RoHcnbuK'h, El.. 235.— W. T. 



SUBBANG 4. MONCHIQUOSE. 
(III. 6,2,4.) 



48.43 
47.82 


0.114 
.121 

.110 (45.8) 
.154 
.124 
.119 


Horn blende- vogcsite . 
Monchiquite 


Hohwald, Elsa.sa 

Highwoofi Mountains, Mont 

Pikes Peak district, Colo 

Hcrmberg, Tetschen, Bohemia 

Held burger Feste, S. Thttringen 

Blankenhomberg, Kaiserstuhl, Baden 


Roj*enbu«ch, El.. 231. 
Bull. 168, 132.— W. T. 
Bull. 168. 146.-W. T. 
W. T. 

Roscnbusch, El., 363. 
W.T. 




46.59 
45.66 
44.54 


Analclte-bawalt 

Nephelite-tephrite . . . 
Limburffite 




43.84 


Leucite-basanlte 




Rang 3. Limbfrgasb. 

St'BRANO 3. OUR08E. 
(in. 6,3,3.) 


46. 65 


0.114 
.108 
.068 


Labradorite-iJorphyry 

Monchiquite 

do 


Wildkaar. Tyrol 


R.T., 1879. XLIV. 
RosenbuHch. El., 235.— \V. T. 
Bull. 168, 130.-W. T. 




43. 74 


Rio do Ouro, Brazil 




42. 46 


Willow Creek, Mont 






UTBRANG 4. LiXBVBOOSE. 

(in. 6.3.4.) 
Nosy Komba, Madagascar. .... 






0.112 (46.3) 
.086 

.073 (44. 5-. 074) 
.on (43.8) 

.107 
.082 
.0^1 (40.5) 

.109 (40.4) 
.095 


Nephelltc-gabbro 

Nephelite-baianlte . . . 

PaleolimburKite 

Olivine-gabbro-d ia - 
base. 

Augititc 

Hornblende-basalt . . . 

Limbur^rite 

Ijolite 

Homblendite 






46 60 


M. M.. 2(M. 
Roscnbusch, El., 316. 
Z. D. g. G., LI, 4. 
Q. J. G. 8., L, 19.— W. T. 

W.T. 

N. J., 1882, II, 155. 

Rosenbusch. El. 36S. 

M. M.. 204. 

Q. J. G. S., L, 19.— W. T. 




46.35 


Rfimhild, S. ThUrlngen 




44.82 
43.65 

43. 60 


Atacama, Chile 

Brandberget. Gran. Norway 

Limbergi Baden 




41.01 
40.70 

40.10 
37.90 


Sparbrod, Rhone 

Oberen^tcinberg, Lausitzer Moun- 
tains, Prussia. 

Ampasibitika, Madagascar 

Brandberget, Gran; Norway 

SUBRANO 5. . 

(III. 6,3,5.) 


• 








41. *M 


0.121 


Camptonite 


Campton Falls, N. H 


A. J. S.. XVII, 1»79, 150. 
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Silica 
con- 
tent. 



39.84 



CUugified list oJanaly»es tised in conMnvrling diagrams — Continued. 
Rang 4. . 

Sl'BRANO 1. . 

(III. 6, 4, 1.) 



Alkall-dllca 
ratio. 



0.046 (40.4) 



Author'M name. 



Locality. 



Reference. 



Homblende-gabhro . . IMinimont, Italy RoKcnbum-h, El,, 151. 



45.40 0. 



Dioritic gabbro. 



SUBRANU 3. 



(III. 6.4,3.) 



Nosy Komba, Madagaitcar M. M., 204 



47.86 0.144 



Order 7. Kamerunare. 

Rang 1. Malk.nase. 

SUBRANG 3. . 

(III. 7,1.3.) 



Nephellte-mallgnite. . : Poohbah Lake, Ontario Rosenbiisch, El.. 176.— \V. T. 



51.88 j 0.180 

51.38 I .198 
44.65 , .186 
42.02 .161 (41.8) 



SUBRANO 4. MALION06S. 

(II, 7. 1. 4.) 



Garnet- pyroxene- i Poohbah Lake, Ontario . 
mallgnite. | 

Amphibole-malignite do 

Theralite Crazy MountalnR. Mont . 

Ijollte-porphyry Alno, Sweden 



RoeenbuBch, El.. 176.— W. T. 

Do. 
Ball. 168, 124.— W. T. 
N. J., 1897, II, 99.— W. T. 



46.04 0.127 



47.10 
46.53 
45.77 
44.31 
42.77 
42.65 
40.10 
39.97 
39. SO 



0.178 
.123 
.163 
.147 

.143 (43.0) 
.133 (43.3) 
.167 (40.3) 
.183 (40.2) 
.165 (40.8) 



Rang 2. Kamerunahe. 

SURRANQ 8. . 

(III. 7, 2, 3.) 



Leucite-basalt. 



Highwo<Ml Mountains, Mont . 



SUBRANG 4. KaHEBUNOSE. 

(111,7,2,4.) 



Bull. 168. 132.— W. T. 



Heumite Laugendal. Norway E. K., Ill, 376.— W. T. 

Theralite ! Umptek, Finland Roaenbusch, El.. 176.— W. T. 

Farrisite Farris, Norway E. K., Ill, 376.— W. T. 

Theralite , Gordon.s Butte, Mont Bull. 168, 124.— \V. T. 

Monchiquile Kiechlinsbergcn, Baden W. T. 

I Ba.salt j Cape Verde, A fricii | R. T., 18M, LXXIV. 



Leucite-nephelinite . 
.do. 



Haiiynoph yre > do 



Etinde Volcano, Kamerun, Africa ' W. T. 

.do 1 Do. 

' Do. 
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Silica 
con- 
tent. 



40.52 
39.83 
38.46 



Classified list of analyses used in constructing diagrams — Continued. 
Rang 3. Etindase. 

SUBRANO 4. ETIND08E. 
(Ill, 7, 3. 4.) 



Alkali-silicr. 
ratio. 



0.097 
.109 
.143 (3K.9) 



Author's name. 



I 



Nephe1ite-ba.«alt 

do 

Camptonite 



Locality. 



Reference. 



Hesse- Darmstadt Rosenbusoh, El.. 357. 

Mittelgeblrgc. Bohemia Do. 

Mulatto. Predazzo. Tyrol K. A. W. W., CXI, 1, 234. 



46.51 0.167 



47.47 
45.99 



0.137 
.168 (46.1) 



Order 8. Bohemare. 

Rang 1. Chotasb. 
subrano 2. chot06e. 

(III. 8,1,2.) 



Lciicitite . 



Bearpaw Mountains. Mont Rnll. 168, 136.— W.T. 



Rang 2. Albanase. 

SUBRANG 2. ALBAN08E. 
(in. 8,2,2.) 



Leucite-tcphrite Vesuvius, lava of 1760 . 

Leucitite Capo di Bove, Italy 



R.T.,1884,LVL 
A.J.S.,IX.1900.53.— W.T. 



SUBRANO 3. 

(in. 8, 2, 3.) 



41.24 0.141 



Nephelinite . 



Laacher See. Rhine province Rosenbusch, El., 357. 



43.18 


0.186 


42.06 


.132 


41.74 


.204 


40.15 


.204 (40.3) 


88.39 


.150 



Theralite... 
Limburgito . 

IjoUte 

Nephelinite 
do 



SUBRAKO A. Ck>V08B. 
(III. 8, 2, 4.) 

Crazy Mountains, Mont 

Habichtswald, Hesse 

Magnet Cove, Ark 

Etinde Volcano, Kameriin, Africa ... 
....do 



Roflenbu.«oh, El.. 176. 
Rosenbusch. El., 363. 
J.G..IX.61K— W.T. 
W.T. 
Do. 



Order 9. Finnare. 
Rang 1. Ijolase. 

SUBRANO 2. MaDUPOSB. 

(III. 9, 1,2.) 



42.65 0.139 



Madupite. 



Leucite Hills, Wyo Bull. 168, 85.— W. T. 
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CHEMICAL COMPOSITION OF IGNEOUS ROCK8. 

C'Ut9»ified iist of annlifsrH uned in conMnit^ting diagrnmB — Continued. 

SUBRANG 4. IIVAARO8E. 
(111.9,1,4.) 



Silica 
oon- 
tcnt. 



Alkali-Rilica 
ratio. 



Author'K name. 



Locality. 



45.64 0.34*2 
43.70 .257 
42.18 .268 



42.07 0.281 



Nephelitc-porpbyr>' . . Umptek, Finland 

Ijolite I Kuusamo, Finland 

Nephelite-baaalt ' Bauenberg, Bavaria 

SUBBAKO 5. Dolose. 
(111.9,1,6.) 

Ijolito 1 Kinuiamo, Finland 



Reference. 



Fennla, XI, 2, 196.— W. T. 
B. C. G. F., XI. 16.— W. T. 
R. T., 1879, LXII. 



B. C. G. F., XI. 16.— W. T. 



51.83 0.005 
50. W .020 
46.96 ! .030 



4S. 6:J 0. 008 



CLASS IV. DOFEMANE. 
Order 1. Hungarare. 



SECTION 1. MINNESOTIARK 

RaN(» 1. MiNNESOTASE. 
SECTION 1. MINNESOTIASE. 

SUBRANO 2. COOKOSB. 

(IV. 1, 1, 1, 1. 2.) 



I 



I 



Pyroxcnito 

Wchrliu? 

Ilyporsthenc-jrabbro . 



Meadow Creek, Mont . 
New Braintree, Maw.. 
Gtinflint Ijike. Minn.. 



SECTION 2. 
Rang 1. — 



SECTION 2. 



SUBBANO 1. BELCHEBOSK. 
(IV. 1,2, 1,2, 1.) 



Bull. 168. 114.— W. T 
Bull. 168. 33.— W. T. 
Bull. 168. 81.— W. T. 



Peridotito Belchertown. Ma.Ms Bull. 168, 30.— W. T. 



I 



48.91 0.013 



46.56 ' 
46.56 I 
46.06 , 
44.94 



44.39' 



.050 

.0-13(46.9) 

.098 

.000 

.032 ^ 



SUBRANG 2. . 

(IV. 1, 2. 1. 2. 2.) 



I Ollvine-gabbro . 

I Gabbro 

do 

' MiaROuritc 

, Wehrlite 

Gabbro 



Oranffo Grove, Md 

Pliarkowsky-Ouwal, Tral MountAln.s. 

Near Koswinsky, Ural Mountain.^ 

Shonkln Creek, Mont 

Koflwinsky, Unil Mountain.^ 

Phnrkowsky-Ouwal, Ural Mountains. 



Bull. 168, 44.— W. T. 
O. N., 145. 

Do. 
Bull. 168, 133.— W. T. 
O. N.. 173. 
O. N., 145. 
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Silica 
con- 
tent. 



48.95 
46.13 
45.68 



47.76 
46.00 
44.99 



CUuwified list of analyses iised in ranMrtuiing diagrams — Continue<i. 

SECTION 3. HUNGARIARE. 

Rang 1. Wehrlasb. 

SECTION 1. WEHRUASE. 

SUBRAN(} 2. WEHRLOBB. 
X (IV. 1, 3, 1, 1, 2.) 



Alkali-silica 
ratio. 



0.040 
.001 
.000 



Author's name. 



I Wehrlltc 

Hornblende-picrite .. 
Lherzolltc 



Locality. 



Red Bluff, Mont 

Meadow Creek, Mont 

BaldiftRcr, Piedmont, Italy 



Reference. 



Bull. 168, 114.— W. T. 

Do. 
Roscnbusch, El., 165. 



SECTION 2. . 

SUBRANO 2. R08BWEIN0.1B. 
(IV. 1, 3, 1, 2, 2.) 



0.027 
.035(46.1) 
.028 



44.64 
36.80 



0.000 
.049 



IVridotite Cathay Hill, Mariposa County, Cal . 

Hornblendite Col d'Eret, Pyrenees 

Wehrlltc j Crystal Falls, Mich 



Bull. 168, 209.— W. T. 
C. 0. I., VIII. 1901, 833, 
Bull. 108, 67.— W. T. 



— W. T. 



SECTION 4. 



Rang 1. Cortlandtase. 

SECTION 1. CORTLANDTIASE. 

SUBRAKO 1. CORTLANDTOSE. 

(IV. 1.4,1,1,1.) 



Lherzolltc Lherz, Pyrenees C. CJ. I., VIII, 1901, KW.— W. T. 

Pcridotite Syracuse, N Y Bull. 168, 38.— W. T. 



SVBRANO 2. CrSTEROSE. 
(IV. 1,4,1, 1,2.) 



16.03 0.O41 



I 



Pcridotite . 



Silver Cliff, Colo j Bull. 168. 147.— W. T. 



SECTION 5. PYRENIARE. 

Rang I. Lherzabe. 

SECTION 1. LHERZIASE. 

SUBRANO 1. LHERZ06B. 

(IV. 1.5, 1,1, 1.) 



I 0. 0:J6 Ilornblcnde-lhcrzolite Caussou, Pyrenees | C. G. I.. 1901, VIII, 838.— W. T. 



SUBRANO 2. ARGKINCWE. 
(IV. 1, 5, 1, 1, 2.) 



39.25 



o.aw 



Ilornblcnde-pcrido- 
11 1 c. 



ArRcin, Pyrenees | C. «. I.. 1901, VIII, 833.— W. T. 
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Clamified liM of analynen used in confiructing diagrams — Continued. 

SECTION 3. VENANZIA8E. 

SUBRANG 2. VENANZCME. 
(IV. 1, 5, 1,3.2.) 



Silica 
eon- 
tent. 



Alkali-fiUica 
ratio. 



0.152 



Author'ii name. 



Locality. 



I 



Venanzite San Venanzo. rmbria. Italy . . . 



Reference. 



A. W. B., 1899, VII, lis.— W. T. 



Order 2. Scotare. 

SECTION 1. . 

Rano 1. . 

SECTION 1. . 

SUBBANO 2. . 

(IV. 2, 1,1, 1,2.) 



58.05 ' 0.018 



Augltc-norit^* MadnuH, India \V. T. 



SECTION 3. BRANDBERGIASE. 

SUBBANO 2. BBANDBERUOHK. 

(IV.2, 1,1,3,2.) 



45.05 0.030(45.9) 



Pyroxenitc Brandberg, Norway Q. J. G. S., L, 31.— W. T. 



Rubrang 3. . 

(IV. 2, 1, 1,3.3.) 



45.04 0.209 



Ncphelite-baNalt Katzenbuckel. Odenwald. Baden . 



Ro«tenbu.*ich. El., 357. 



SECTION 2. PAOLIARE. 
Ran(} 1. Paolase. 

SECTION 2. . 

Subrang 2. . 

(IV. 2. 2, 1,2,2.) 



47.41 0.081 
42. «8 .077 

40.42 I .038 
40.15 .000 
39.59 I .057 



Augite-peridoti te I 'w kaki 11 , N . V . . 



A. J. S., XXXI, ISS^i, 40.— W. T. 



Homblende-baflalt . 



Hauk, S. Rhone ; Rosenbusch. El., 309. 



Olivine-gabbro Crazy Mountains, Mont ' Bull. 168, 122.— VV. T. 

Koewite ' Koswlnsky, Ural Mountain.s ' O. N., 119. 

Nephelite-basalt ] Ottendorf, Silesia R. T., 1884, LXI V. 



SISCTION 3. PAOLIASE. 

Subrang 2. Paolose. 

(IV. 2,2,1,3,2.) 



41.41 
38.39 
38.38 
36. .SI 



O.OOO (41.6) 
.031 (87.5) 
.022 
.075 



Koswito Koswinsky. Ural Mountains O. N., 119. 

Jaoupirangite Magnet Cove, Ark J. G., IX, 620.— W. T. 

do Sao Paulo. Brazil Do. 

Eleolite-mica-syenite. Magnet Cove, Ark ' Do. 
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('Insftified fiftt of (inalyseH used in coristnvcting d'mgraniH — Continued. 

SECTION 3. TEXIARE. 

Rang 1. Texabe. 

SECTION 1. MARQUETTIASE. 

SUBRANO 2. MARQUETT08E. 
(IV. 2, 3, 1, 1, 2.) 



.Silica 
Uint. 



39.37 



Alkali-Rilioa 
ratio. 



Author's name. Lcxmlity. 
Peridotite Opin Lake. Mich 



SECTION 2. UVALDIASE. 

SUBRANO 2. rVALDOSE. 

(IV. 2, 8, 1, 2, 2.) 



40.32 
39.92 
39.1(i 
30.53 



0.080 
.063 (41.0) 
.081 
.108 



Nephclite-baHalt Uvalde County, Tex. . . 

' do ' do 

do , Oberleinleiter, Baden . 

I Nephelitc-mclilite- ' Wartenberg, Baden .. . 
I basalt. 

I 



SECTION 4. 



Rang 1. Casselase. 

SECTION 2. CASSELIASE. 

Subrang 1. . 

(IV. 2,4, 1,2,1.) 



38.34 
37.98 



0.106 
.121 (37.4) 



Limbnrgite liio do Janeiro, Brazil . 

Melilite-ncphelite- Hohenberg. Westphalia, 
basalt. 



SUBRANO 2. CA8SELO.sk. 

(IV. 2, 4, 1. 2, 2.) 



39.20 0.056 (38.6) 
37.96 .066 



Dike-rook Kola Peninsula, Finland. 

Nephe lite- III elilite- , I'valde (^ounty, Tex 

Misalt. 



Reference. 



Bull. 168, 64.— W. T. 



Bull. 168, 62.--W. T. 
Bull. 168, 63.— W. T. 
Kosenbusch, El., 357. 
RosenbUiich, El., 3(J0. 



T. M. P. M., XX, 304. 
Ro8enbu.sch, El., 357. 



Fennia, 16, 2. 1899, 27.— W. T. 
Bull. \m, 63.— W. T. 



:M. 98 0. 101 



SECTION 5. 
Rang 1. — 



SECTION 1. KALTENIASE. 

SVBRAKG 3. KALTENOSE. 

(IV. 2.5. 1. 1, 3.) 



Mica-periddtite Kaltenthal. Ilarzburg, Harz Mta RoeenbuHch. El., 165.— W. T. 
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CUtwifird HjU of nunhjHrs UM^d in rontitnuih*g diagrams — Continue<l. 

OrDKU 3. SVERIOARE. 

SECTION 1. BERCJENIARE. 

RAS(i 1. HKK(iENAHR. 
SECTION 1. BER(}KNIASE. 

SlBRANCJ 3. BKU<tENllRK. 

(IV. 3. 1. 1, !.:{.) 



Silica 
con- 
tent. 


Alkali-silica 
ratio. 


Author* H name. 


L<K'ality. 


Reference. 

1 


31. G9 


0.082 


Ilmcnitc-noritc 


Htorganffen, Norway 


' B. M . A., 1K96. V. 165.— W. T. 






. 


^T?PTTri>J 9 
















■R » vn 1 










SECTION 2. . 




















(IV. 3.2,1.2.2.) 




38.20 


0,122 


Nephclite-mclilltc- 
biiMalt. 


BurKstall, Baden 


' RoHcnbiwch. K\., 360.— W. T. 


38.18 


.im 


(?) Pyroxenitc 


PrcHiaxzo, Tyrol 


K. K.. II. 76.— W. T. 






81 


:CTION 3. AVEZACIASE. 










Kl'BRANG 3. AVEZAC08B. 










(IV. 3.2.1,3,3.) 




31.80 


0.026 


Avezacite 


A vozac-Prat, Pyrenees 


1 
C. (I. I.. VIII. 1901. 832.— W. T. 

1 



Order I. Adirondackare. 

Suborder 2. AdiiDndaokore. 
Ran(} 1. Adirondackase. 

SECmoX 1. ADIRONDACKIASE. 

SUBRANO 3. . 

(IV. 4,2, 1,1.3.) 



24. 74 

22.87 


0.000 
.000 
.000 


Iron ore 

Iron ore 


rifti, Sweden 

Cumberland Hill, R. I 

Ijianf^hult. Sweden 


S. M. U. 

S. M. Q. 

Do. 


XXI. 60. 
XXI. 60. 




14. 95 


do 












. 






(IV. 4, 2. 1,1,4.) 


« 






21.42 


0.033 
.055 
.067 


Iron ore 


El izabethtown. N. Y 

do 


S. M. Q. 

Do. 

S. M. Q. 

1 


XX. 343. 
XX, 331. 




11.73 


do 




10.37 


do 


Frontenat; County, Outjirio 











ROCK ANALYSES USED IN CON3TBUCTINQ DIAORAMS. 



59 



Clwwijied lint of annhjsen u^d in constructing diagram* — Continued. 
Suborder 3. Ohamplamore- 



Rang 1. Champlainasb. 
SECTION 1. CHAMPLAINIA8E. 

81TBRAN0 4. . 

(IV. 4, 3, 1,1.4.) 



Silica 
con- 
tent. 


Alkali-Mlio» 
ratio. 


Author's name. 


Locality. 


Reference. 


17.90 


0.000 


Iron ore 


Split Rock mine, N. Y 

Tunnel Hill, N. Y 


S. M. Q.. XX, 343. 
Do. 


13.36 


.000 


do 









10.77 i 0.039 



10.26 0.000 



9.79 0.000 (9. ft) 



Order 5. 

Suborder 2. 
Rang 1. — 



SECTION 1. . 

SrBBAN0 4. . 

(IV. 5, 2, 1, 1, 4.) 



Iron ore Hne Lake. Ontario S. M. Q., XX, 331. 



SUBRANU 5. . 

(IV. 6, 2, 1,1, 5.) 



Iron ore Iron Mountain, N. Y 



8. M. Q., XX. 343. 



SECTION 2. , 

SUBRANO 4. . 

(IV. 5, 2, 1, 2, 4.) 



Iron ore Millford Pit, N. Y 



S. M. Q.. XX, 844. 



55.52 
56.23 



0.000 
.000 



CLASS V. PERFEMANE. 

Order 1. Maorare. 

SECTION 1. CAROLINIARE. 

Rang 1. WEBflrrKRASfi. 

SECTION 1. MARICIASE. 

SUBBANG 1. MaRICOSR. 
(V. 1,1,1, 1,1.) 



Lherzolito Locano, Piedmont 

Pyn>xcnitc Marico district, Traniivaal 



R«»enbuBch, EL, 165. 

A. J. S., VII, 1899, 318.— W. T. 
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Classified list of analyses used in amstructing diagrams — C^^ntinued. 
SECTION 2. WEBSTERIASE. 

BUBBANU 1. WEB8TER06K. 

(V. 1, I. 1,2.1.) 



Silica 
con- 
tent. 


Alkuli-flilica 
ratio. 

0.005 
.000 
.004 


Author'H name. 
Websteritt' 


Locality. 


Reference. 


55.14 


Webster, N. (' 

Hebbville, Md 


Bull. 1C«, 53.— W. T. 
Bull. 168, 43.— W. T. 
Bull. 168, 43.— W. T. 




53.98 


do 

do 




52.55 


do 
















SUBBANO 2. CECIL08E. 
(V. 1,1, 1.2, 2.) 






53.21 
53.25 


0.003 
.006 (53.6) 


WebHterite 

Pyroxenlte 


Cecil County, Md 

Mount Diablo, Cal 


Bull. 168. 43.— W. T. 
Bull. 168. 213.— W. T. 





SECTION 2. MARYLANDIARE. 
Rang 1. Balttmorahe. 

SECTION 2. BALTIMORIASE. 
SUBRANO 2. BaLTIMOROSE. 

(V. 1, 2, 1, 2. 2.) 



50.80 0.000 (50.6) ' Pyroxenlte ' Johnny Cake road, Md 

49. 35 .000 Konwito I Koswinsky. Ural Mountains . 



Bull. 168, 42.— W. T. 
O. N., 119. 



SECTION 3. 
Rang 1. - 



SECTION 2. 



SUBRANO 2. K08W08K. 

(V. 1, 3. 1.2,2.) 



43.20 0.00 



Koflwito I Koswinsky, I'ral MountaiuM O. N., 119. 

SECTION 4. . 

RAN(i 1. . 



SECTION 1. 

SUBRANG 1. ■ 



(V. 1, 4. 1,1,1.) 



41.43 0.00 



Saxonite Riddles, Oreg. 



Bull. 168, 221.— W. T. 



SUBRANG 2. 

(V. 1.4. 1.1. 2.) 



42.39 0.000 



I'eridotlte (roose Bay, Stmits of MuKi'llan W. T. 
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CUjMiJied list of aiuilysea used in constructing diagnims — Continued. 
SECTION 5. MAORIARE. 
Rang 1. Dunase. 
SECTION 1. DUNIASE. 

BUBRANG 1. DUNOSE. 
(V. 1, 5, 1, 1, 1.) 



Silica 
con- 
tent. 



42.80 
40.11 
39.99 



Alkali-silica 
ratio. 



0.000 
.000 
.00 (39.7) 



Author's name. 



Dunlte 

Dunitc 

Harzburtritc . 



Locality. 



Reference.. 



Dun Mountnins, New Zealand Roi^enbusch, El., 165. 

Corundum Hills, N. C i Bull. 168, 64.— W. T. 

Olivine Hills Range, New Zealand...! Ronenbusch, EL, 166. 



43.87 0.000 



Lherzolite . 



Order 2. - 

SECTION 2. 

Rang 1. — 



SECTION 2. 

SUBRANO 2. 

(V. 2, 2, 1, 2, 2.) 



Johnny Cake road, Md. 



Bull. 168, 42. 



31. M 0.000 



SECTION 5. . 

Rang 1. . 

SECTION 1. . 

SUBRANO 2. PERMOSB. 

(V. 2, 5, 1, 1. 2.) 



Dunlte sid^ronitique. Koswinsky, Ural Mountainn . 



O. N., 128. 



21.25 0.000 



Order 3. - 

SECTION 4. 
Rang 1. — 



SECTION 1. 

SUBRAKG 2. 

(V. 3, 4, 1,1,2.) 



Iron ore TaberK, Sweden . . 



S. M. Q.. XXI. 60. 
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SilUa 
t'on 
tent. 



Cliisttijied list of analtfsen used in constructing diagrams — Continued. 

Order 4. . 

Suborder 2. • 

Ran(j 1. . 

SECTION 1. . 

SCBBANCJ 2. . 



Alkali-silica 
ratio. 



(V. 4, 'A 1, 1,2.) 



Author's name. 



I 



Locality. 



20. «5 I 0.000 



Inin ore ' rumberlanrl Hill, R. I . 

I I 



Referencttj. 



... H. M. Q.. XX, ST)!. 



16.17 
7.52 



0.000 



SUBRANG 4. . 

(V. 4. 2, 1.1. 4.) 
I "'" 1 - - - -, - 

Iron ore Iglamala, Sweden - S. M. Q.. XXI, 60. 

' '" ' Horton, Renfrew County. (?ana<la ... S. M. Q.. XX. 331. 

■I 



..do... 



Order 5. 

Suborder 2. 
Raxo 1. - 



SECTION 1. r- 

SUBRANU 2. 

(V. 5, 2, 1. 1.2.) 



Magnetite-spinel ite . . Routivara. 8we<len Z. T. G. 



7.52 

6.H8 



0.080 
.000 



SVBBANO 3. 

(V. 5, 2, 1.1, 3.) 



Iron ore . 
do... 



' Leeds County, Ontario 

I Alno. Sweden 



.. 8. M. Q.. XX, -331. 
.. S. M. Q., XXI, W. 



3.67 
2.02 
1.47 

.87 



0.000 
.000 
.000 

.000 



SUBRANG 5. 

(V. 5. 2. 1, 1, 5.) 



Iron ore Mill Pond pit, N. Y 

do Mayhew Iron Range, Minn 

do 



K. M. Q.. XX, 344. 
S. M.Q., XX, 337. 



Eagle Lake mine, Frontenac County, S. M. Q., XX, 331. 
Ontario. 



.do Sanford, N. Y 



S. M. Q., XX, 'M\. 



Suborder 3. 



0.76 0.000 



Rang 1. 



SECTION 1. 

SUBRANO 4. - 



(V. ft, 3, 1, 1, 4.) 



Iron ore Iron Mountain Wyo . 



.. S. M. Q.. XX, 35.4. 
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DISCU88ION OF TIIK DIAGRAMS. 

GENERAL DIAGRAMS. 

On PI. I are exhibited the comparative values of the chief chemical components 
of over 950 rocks. The relative molecular proportions of six oxides — Al^O,, 
KjO, Na,0, CaO, MfrQ, and FeO (=FeO+2Fe,OJ— are expressed by the shapes 
of the individual diagrams, the silica percentages are expressed b}' the relative 
lateral positions of these diagrams, and the comparative richness in alkalies is 
shown by the shapes of the individual diagrams and is also expressed by their 
relative vertical positions. 

In the upper left-hand corner of the plate a smaller multiple diagmm shows 
the distribution of the analyses in a more concise manner, the several colors of 
the spots indicating the classes into which they may be subdivided, according to 
the quantitative system, to be noticed more fully on page 68. 

VARIATIONS IN COMPOSITION. 

From the large diagram it is seen how manifold and intricate are the varia- 
tions in chemical composition of igneous rocks. The larger the yellow triangles, 
the richer the soda and alumina; the larger the green ones, the more the potash 
and alumina; the taller the upper half of the individual diagram, the more the 
alumina; the narrower and taller the yellow and green triangles, the greater the 
excess of alumina over alkalies; the larger the blue triangles, the more the magnesia 
and lime; the larger the red triangles, the more the iron oxide and lime; the 
longer these lower triangles in the direction of the middle vertical line, the more 
the lime. Long, narrow, inclined, blue triangles indicate an excess of magnesia 
over lime; long, narrow, inclined, red triangles, an excess of iron oxide over lime. 

The variation in the sizes of the individual diagrams, from the small ones at 
the left to the large ones at the right, corresponds to the great difference in silica 
content of the different rocks, as well as to differences in the components just 
named. Rocks with 75 per cent of silica have onl}' 25 per cent of other constitu- 
ents, while roi'ka with 40 per cent of silica have (50 per cent of other components. 
Moreover, the relative number of molecules for given percentages of mass increases 
with the decrease in molecular weight of the component oxides. It is to Ire 
observed that rocks high in silicu are relatively high in alumina and the alkalies. 
The molecular weights of these are: AljO,, 102; K^O, 94; NajO, 62. Rocks low 
in silica may be high in alumina and alkalies, or high in lime, iron oxide, and 
magnesia. The molecular weights of the latter are: FeO, 72; CaO, 56; MgO, 40. 
The lightness of magnesia accounts for its greater proportions in the diagrams 
than in the analyses. 
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There are chemical variations which are somewhat regular, and others which 
seem irregular. First, it appears that the most siliceous rocks are rich in alumina 
and alkalies, and that lime increases at first more than iron and magnesia. But 
to this latter statement there are many exceptions. 

In rocks with intermediate silica, 50 to 60 per cent, there is a gradation 
from those rich in alumina and alkalies and low in lime, iron, and magnesia to 
those rich in the latter and poor in the former. But there are rocks in this 
series high in alumina and lime and poor in alkalies and iron and magnesia. 

The rocks low in silica, containing 35 to 50 per cent, have a wide range in 
variation, and attain the highest amount of magnesia. Those extremel}' low in 
silica, containing less than 30 per cent, are very rich in iron, with little or no 
alumina and alkalies, and little lime or magnesia. 

The diagrams of rocks with less than 28 per cent of silica are found on PI. VU. 
They are not repeated on PI. I, because of the inconvenience of a plate of such 
length. 

If the variations are studied in greater detail it is seen that in rocks having 
nearly the same silica and alkali ratios there is variation in the alumina, scarcely 
two rocks having the same amount. But there is more variation in the potash and 
soda. These values seem to be constantly shifting from place to place, with nothing 
suggesting a constant ratio between them. The great preponderance of soda is 
expressed by the predominance of yellow triangles over green ones. Dominantly 
potassic rocks are rare. They are more abundant among the more siliceous ones. 
Soda reaches its maximum in less siliceous rocks. Similar variability shows itself 
in the proportions of lime, iron oxide, and magnesia, whether these are subordinate 
or preponderant constituents. 

TRANSITIONS AND EXTREMES. 

It is possible to select certain shaped diagrams as types and discover many that 
are approximately the same. But closer inspection shows gradual variations from 
any two of these types to intermediate forms. And the general impression obtained 
from the whole assemblage is a regular variation from highly aluminous alkalic, 
yellow, and green figures to highly ferromagnesian calcic, red, and blue ones, 
combined with a very irregular variation in detail among adjac*ent figures. 

The extremes of chemical variation reached in igneous rocks are exhibited in 
some of the diagrams. However, all known extremes are not expressed, because 
chemical analyses are wanting in sevei'al instances. Thus the extreme of pure 
silica attained by some intrusive dikes or veins of quartz is not represented. Chem- 
ical analyses have not yet been made of such rocks, or of the highly quartzose 
pegmatites with more than 85 per cent of silica. When they have been made the 
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individual diagrams will extend to the extreme left-hand point of the multiple 
diagi*am. 

Individual diagrams, composed of only a green triangle, exhibit the composi- 
tion of a rock almost wholly orthoclase and quartz. One that is simply a yellow 
triangle i^ an almost pure albite rock. An almost pure nephelite rock from 
Ontario has been described by Adams, but analyses of it have not yet been made. 

Diagrams consisting of only a narrow line represent an almost pure magne- 
sium silicate, olivine, while those consisting of long triangles sloping to the left 
(PL VII) represent iron and titanium oxide — titaniferous magnetite. 

The extremes of variability expressed in mineral terms are known to be as 
follows: Igneous rocks wholly quartz, almost wholly feldspar, orthoclase, albite, 
labradorite, and other varieties of feldspar, and those wholly nephelite; rocks 
almost wholly enstatite, hypersthene, olivine, magnetite. From what is known 
of the variable mineral composition of igneous rocks it is clear that with more 
analyses to introduce into the diagrams the variations in the shapes 'of the figures 
would be increased. Enough are shown to demonstrate the gradual character 
of the variations in chemical composition, and the transitions from rocks of one 
composition to those of another. 

RELATIVE ABUNDANCE OF DIFFERENT KINDS OF ROCKS. 

The distribution of the individual diagrams in the multiple one, and of the 
spots in the small composite diagram of PL I, shows that those varieties of 
rocks having extreme compositions, occurring in the margin of the multiple 
diagram, are less abundant than those having more nearly an average composi- 
tion. This is still more evident when all those analyses are taken into account 
which were omitted because of lack of space for them. They will be found to 
belong to the central portion of the multiple diagram. 

This is shown on PL VIII in a composite diagram exhibiting the variation 
in silica and alkali-silica ratio of 2,000 igneous rocks, which has been prepared 
by combining data found in this paper with those contained in the collection of 
analyses published by Washington,^ to whom the author is indebted for an oppor- 
tunity to study the collection in proof sheets. There are more than twice as many 
rocks involved in this diagram as in that on PL I, but the results are similar, and 
if the spots were replaced by individual diagrams the effect would be to doubly 
confirm all the conclusions drawn from a study of PL I. The construction of 
such a multiple diagram, however, is not feasible at this time. 

The average rock, as calculated by Clarke* from 680 analyses of American 
rocks, is shown by diagram at 69.77-0.088, and that calculated by Harker* 



a Op. cit. b Bull. U. S. G€ol. Survey, No. 148, p. 12. o Geol. Mag., 1899, p. 220. 

14474— No. 18—03 6 
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from 397 British rocks is shown by diagram at 68.7-0.083. These diagrams 
resemble those of rocks haying like silica and alkali-silica ratios, and occur in 
the densest part of the assemblage. Other averages made from greater numbers 
of analyses yield almost identical results. A later average, made by Clarke ^ from 
830 complete analyses of American rocks combined with 180 additional determi- 
nations of silica, 90 of lime, and 130 of alkalies, produce an average magma with 
59.71 per cent of silica, and other constituents very nearly the same as those 
expressed in the diagram. Washington ^ obtained a closely similar average magma 
from 1,811 analyses of igneous rocks from all parts of the world, having 58.24 
per cent of silica. The loci of the averages of American and of British rocks 
are marked by crosses on the diagram on PI. VIII. 

These prove that the average of a large number of known rocks is like the 
commonest rocks; conversel}^ that the commonest rocks are like the average of 
all known rocks; from which it is possible to derive all kinds of igneous rocks 
by processes of separation, splitting up {spaltung)^ differentiation. It does not 
follow from this that they have been produced from one common average magma, 
or even that they have been produced in this manner in actual fact; but such 
an origin is shown to be quantitatively possible and reasonable. 

ABSENCE OF CLUSTERING. 

A study of the diagrams of PI. I and PI. VIII fails to detect any clustering or 
grouping of analyses in definite parts of the multiple diagram, such as might serve 
as the basis for a chemical classification of rocks. This is the same as stating that 
there do not appear any "natural" recognizable subdivisions of rocks on a basis of 
their chemical composition. Variations in seven prominent chemical factors exist 
throughout the system of igneous rocks, the mathematical expression of which 
would be extremely intricate. The study of the chemical composition of igneous 
rocks by graphical methods does not reveal any simple method of grouping or 
classifying them on a basis of their chemical constituents alone. 

SIMILAEITY OF ROCKS FROM DIFFERENT PETROGRAPHICAL PROVINCES. 

Further study of the diagrams and of the list of analyses shows the chemical 
similarity of many rocks that belong to different petrographical provinces. One 
illustration of this is taken from the best-known province, that of Christiania, 
made classic by the publications of BrOgger. The diverse rocks of this region 
that are genetically related may be found in various places in the list and in the 
multiple diagrams. A comparison of the individual diagrams with those of 

a Clarke, F. W.. Bull. U. S. Geol. Survey No. 168, 1900, p. 14. 

b Washington, H. S., Chemical analyses of igneous rocks from 1884 to 1900: Prof., Paper U. 8. Oeol. Survey No. 14, 190S, 
p. 107. 
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similar shape from other petrographical provinces will demonstrate the truth of 
BrOggers statement that ''the same group of differentiated rocks can be produced 
by separation from mother magmas of quite different chemical composition. "« 
A list of the chief cases of similarity is given briefly, as follows: 

Table shotmng Hmilarity between Norway rocks and those of other regions. 



Place in classified lint. 



I. 3,1,3. 



I. 4,1,: 



I. 4,2,3. 



I. 5,1,3. 
1. 5,1,4. 



I. 5,2,4.... 



I. 6, 1, 4 



II. 5, 2, 3 
II. 5, 2, 4 



Norway rock. 



77.20-0.080 

76. 73- . 077 
76.05- .092 

71. 49- . 109 
75.74- .086 
70.64- .107 



66. 11^ . 130 

64. 04- . 160 

64. 92- . 146 

64. 54- . 157 



59. 38- . 125 



58. 61- . 194 



Similar rocks of other regions. 



58.00- .142 
59.56- .125 
56. 79- . 118 I 



a Brogger, W. C, Quart. Jour. 



77. aVO. 080, Butte, Mont. 

77. 03- . 080, Pikes Peak district, Colo. 

77. 33- . 079, Alaska, and others. 

76. 20- . 091, New Mexico. 

75. 71- . 094, Yellowstone Park, and others. 

71. 67- . 101, Castle Mountain district, Mont. 

72. 06- . 107, Stony Creek, Conn. 

70. 23- . 113, Essex County, Mass. 

76. 00- . 087, California. 

75. 01- . 086, Alaska. 
74.95- .088, Nevada. 

71.88- .095, Iron Mountain, Mo. 
70. 92- . 096, Yellowstone Park. 
68.36- . 105, Essex County, Mass. 
66. 03- . 132, Custer County, Colo. 
65. 43- . 140, Mount Ascutney, Vt. 
65. 51- . 143, New Mexico. 
63. 71- . 159, Essex County, Mass. 
63. 09- . 164, Essex County, Mass. 
62. 17- . 156, Crazy Mountains, Mont 
61. 05- . 147, Ischia, Italy. 
63. 49- . 138„ Custer County, Colo. 
61. 43- . 133, Pantellaria. 
58. 94- . 109, Silver Cliff, Colo. 
58. 28- .112, Crazy Mountains, Mont. 
57. 48- . 118, Pikes Peak district, Colo. 
59. 20- . 189, Madagascar. 
58. 70- . 190, Crazy Mountains, Mont. 
58. 64- . 195, Cripple Creek, Colo. 
58.62- .191, Madagascar. 
58. 20- . 190, Madagascar. 
59. 78- . 140, Custer County, Colo. 
58. 42- . 099, Luzon, Philippine Islands. 
57. 97- . 116, Mount Ascutney, Vt. 
57.01- . 124, Silver Cliff, Colo. 
Geol. Soc. London, vol. 60, 1894, p. 36. 
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Table showing similarity between Norway rocks and those of other regions — Continued. 



Place in classified list. 
n. 5,3,4 

III. 5,3,4 

III. 6,3,4 

IV. 2,1,1,3,2 



Norway rock. 



52.91-0.119 
48.06- .084 

47.90- .094 

43.65- .071 
45.05- .030 



Similar rocks of other regions. 



52. 97-0. 107, Pikes Peak district, Colo. 

53. 10- . 134, Madagascar. 

49. 24- . 092, Ferdinandea. 

48.90- .090, Voflges. 

50. 56- . 079, Plumas CJounty, Cal. 

48.22- .084, Mount Ascutney, Vt. 

47. 16- . 077, New York. 

42. 03- . 053, Arkansas. 

46. 56- . 043, Ural Mountains. 

46. 56- . 050, Ural Mountains. 



From this list it appears that among the VBrious rocks, ranging from persalic 
to dof emic, that occur in the Christiania region there are those whose chemical com- 
position is very similar to particular rocks found in the Ural Mountains, Vosges 
Mountains, Ischia, Pantellaria, Ferdinandea, Madagascar, Luzon, Vermont, New 
York, Massachusetts, Connecticut, Missouri, Arkansas, Colorado, New Mexico, 
Nevada, Yellowstone National Park, Montana, California, and Alaska. These 
regions belong to diverse petrographical provinces, some of them very similar to 
that of Christiania, but others distinctly different. 

There are provinces in Finland, in Canada, and in parts of the United States 
closely resembling the Christiania province in the chai-acters of their nephelite- 
bearing rocks, but the regions are not identical in petrography. It is possible to 
find all degrees of similarity between petrographical provinces in various parts of 
the world, and the most intricate web of similar differentiation products may be 
woven by their comparison. 

From the chemical character of igneous magmas, their content of like elements, 
the chemical character of the rock-making minerals, the fixed composition of 
some of them, and the serial variation in the composition of others, the theory 
of differentiation leads us to expect diversity in the rocks of all petrographical 
provinces of such a kind that identical or closely similar varieties of rocks will 
occur in otherwise unlike provinces. 

CLASSIFICATION OF IGNEOUS ROCKS. 

From the foregoing considerations it is evident that if we attempted to classify 
igneous rocks on a basis of their groupings in petrographical provinces — that is, if 
we should unite in the first instance rocks that are said to be genetically related — 
we should separate in the system rocks of world-wide occurrence that are alike. 
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It must not be forgotten that igneous rocks are not like biological organisms, 
and that we are constantly misleading ourselves by the use of biological terms, 
such as generation, consanguinity, and family, into imagining that the relationships 
of various rocks should be treated like the relationships of organisms. 

When we have had more experience in the synthesis and the differentiation 
of molten rock magmas in chemico-physical laboratories; have handled them like 
other solutions of salts, which have been studied at lower temperatures; have 
solidified them under diverse physical conditions, we shall no doubt free ourselves 
from the fascination of biology and look upon rocks as the chemist looks upon 
a solidified mass of mixed salts. Is it not possible, in the period of preparation 
of such properly equipped laboratories, to anticipate their psychological effects 
and to think of the study of igneous rocks, their magmas and relationships, as 
purely physico-chemical problems, involving the measurement and cx)mparison of 
mass and force, and their definite quantitative expression? 

It being evident from the diagrams that there are gradual transitions in the 
chemical composition of igneous rocks from one extreme to another, that there 
are no recognizable groupings of rocks or noticeable subdivisions of the chemical 
series, and that chemically similar rocks occur in genetically different families, 
it follows that the subdivision of all igneous rocks into groups for purposes of 
classification must be along arbitrarily chosen lines. And the intricate character 
of the chemical variations, apparent in the diagrams, prevents a simple quantita- 
tive statement of any possible limits which may be selected for subdivisions of 
the series, however arbitrarily chosen. A careful study of the diagrams will 
convince one of the truth of this statement. It is a problem involving at least 
seven variable factors, and in its exact statement still more. It is the problem of 
expressing quantitatively the chemical composition of solutions of mixed salts often 
containing identical elements. The most artificial method of statement would be 
to consider the elements regardless of the possible salts in solution. A less arti- 
ficial method would seem to be one which takes into account the salts which may 
enter the solution or may separate from it. In rock magmas the salts in solu- 
tion may properly be considered to have the composition of those minerals which 
separate and crystallize when the magmas solidify. But it is understood that 
salts in solution may become split up into molecules of simpler composition, may 
be partially dissociated into ions, and may be combined in more than one manner 
in the act of separating from solution under diverse conditions. 

When it is remembered that igneous rocks are solidified and for the most 
part crystallized mixed solutions, the expression of their chemie>al composition in 
terms of the separated salts or minemls developed in them is eminently reason- 
able. These principles underlie the quantitative classification of igneous rocks 
proposed by Cross, Pirsson, Washington, and the author. 
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In expressing the chemical composition of the rocks in terms of the minerals 
developed it ia advisable to reduce the complex possibilities by selecting the 
simpler and conmaoner minerals as standards of comparison. The details of the 
method must be learned from the published essay,^ to which the reader is 
referred if he is not already familiar with it. 

CLASSIFIED DIAGRAMS. 

The resulting chemical subdivision and grouping of igneous rocks by the- 
method of quantitative classification recently proposed can be well shown graph- 
ically by the diagrams already described. The clearest exposition, however, 
requires a greater number of multiple diagrams than has been prepared, in order 
to separate all the divisions established by the classification. But the expense of 
publication has prevented the carrying out of such a plan, and so fewer multiple 
diagrams have been used, with a consequent loss of simplicity and a greater 
complexity than exists in the actual system of classification itself. The advan- 
tages to be derived from the exposition made, however, are sufficient to warrant 
its publication. It presents the salient features and results of the classification 
in a manner which can not be conveyed by words. 

Multiple diagrams have been prepared to exhibit the grouping and variations 
in rocks belonging to the five classes of the quantitative system. Those of the 
first, second, and third classes are represented on three separate diagrams, 
while those of Classes IV and Y are placed on one diagram because of their smaller 
number. The diagrams are presented in two fonns — in one form spots represent 
the distribution of loci of analyses and their range of variation with respect to 
silica and alkalies; the other form is an individual diagram showing the variations 
with respect to the principal chemical components. (Pis. Ill, IV, V, VI, and 

vn.) 

The distribution of the analyses belonging to the five classes, with respect to 
silica and alkalies, is shown by the spotted diagrams on Pis. Ill, IV, and V 
and by the differently colored spots in the composite diagram on PL I, in which 
the yellow spots belong to Class I, the red spots to Class II, the blue ones to 
Class III, and the black ones to Classes IV and V. 

Since Class I is persalic, that is, is extremely rich in salic minerals — quartz 
and aluminous feldspathic minerals — most of these rocks occur in the diagram 
near the curved lines showing the positions of rocks composed whollj'^ of quartz 
with albite or orthoclase, and albite with nephelite, or orthoclase with leucite. 
But rocks of this class include all those rich in alumina, which may form anor- 
thite, a nonalkalic mineral. Consequent!}^ the}' also occur in the diagram remote 
from the curved lines, approaching the locus of anorthite at 43.160.-0.0. 



a Quantitative classification of igneous rockn. Chicago, 1903. Aim Jour. Geol., vol. 10. 1902. 
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Class II is dosalic, that is, dominantly salic. There are less feldspathic min- 
erals and more ferromagnesian ones, and since the latter are mostly low in alka- 
lies, rocks of this class occur in the diagram farther from the limiting alkali- 
feldspathic curves than those of Class I. 

As Class III is still richer in ferric minerals and lower in alkalies, rocks of this 
class occur still more removed from the curves just mentioned. The same is true 
to a greater degree for rocks of Classes IV and V. 

It is seen that the positions of these classes of rocks overlap one another 
more or less in the composite diagram on PI. I, hence the confusion of individual 
diagrams in the large multiple diagram of PI. I. 

DIAGRAMS OF GLASS I. 

Let us consider separately the diagrams of the different classes of rocks, begin- 
ning with Class I. The persalanes, represented by 412 individual diagrams, being 
characterized by preponderant salic Jiinerals, are subdivided into nine orders, 
according to the proportions of quartz and feldspars and of feldspars and feld- 
spathoids (lenads). The order highest in quartz, perquaric, is highest in silica, 
and that highest in lenads, perlenic, is lowest in silica. Consequently the nine 
orders follow one another from left to right in the multiple diagram (Pis. II and 
III). The limits of the orders may be shown graphically for extreme cases, and 
may be interpolated for intermediate ones. Owing to the difference in the molec- 
ular weight of sodium and potassium, the limits for orders based on quartz and 
soda-feldspar (albite) and on quartz and potash-feldspar (orthoclase) do not coin- 
cide. Further, the greater chemical difference between the soda-lenad, nephelite, 
An orthosilicate, and the potash-lenad, leucite, a metasilicate, causes a still wider 
divergence between the boundaries of the orders based on albite and nephelite on 
the one hand and on orthoclase and leucite on the other. That is to say, the 
limits between the nine orders of pei-salic rocks vary according as the alkalies in 
the rocks are soda or potash. This is shown by the diagram on PI. II. The black 
tines nearly at right angles to the upper curve mark the limits of the nine orders 
for ideal rocks composed wholly of quartz, albite, anoi-thite, or of soda-nephelite, 
albite, anorthite. The red lines transverse to the upper red curve mark the limits 
of the nine orders for rocks composed wholly of quartz, orthoclase, anorthite, or 
of leucite, orthoclase, anorthite. 

The division lines for soda orders start from points on the quartz-albite-nephelite 
curve situated where q : ab :: 7 •^; q : ab :: 5 : 3; q : ab :: 3 : 5; q : ab :: 1 : 7; ab : ne :: 7 : 1; 
ab:ne::5:3; ab:ne::3:5; ab:ne::l:7, and run to points on the quartz-anorthite 
line and the anorthite-nephelite line were q: an:: 7:1; q:an::5:3; q:an::3:5; 
q : an :: 1 : 7; an : ne :: 7 : 1; an : ne :: 5 : 3; an : ne :: 3 : 5; an : ne :: 1 : 7. The same may 
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be said of the division lines for potash orders, substituting the names of orthoclase 
and leucite for those of albite and nephelite, respectively. 

The diagram on PI. 11 shows that the first four orders in each case nearly 
coincide, the boundary lines for potash rocks lying a little to the right of those 
for soda rocks. That is, the limit for each quaric order of potash rocks reaches 
a little lower silica than that for the corresponding orders of soda rocks. 

The diagram also shows that the last four orders in each case differ more 
and more widely as they become more lenic. The range for the potash rocks is 
much more restricted than for the soda rocks, and the limits of orders for the 
potash rocks are higher in silica than for the corresponding soda rocks. This 
is because the potash lenad, leucite, is a metasilicate with 55.0 per cent SiO„ while 
the soda lenad, nephelite, is an orthosilicate with 42.3 per cent SiO,. 

Since most rocks contain both soda and potash, the limits for the orders will 
occur between the extremes illustrated on PI. II, varying with the ratio between soda 
and potash in each case. This explains the confused arrangement of the lenic orders 
in the upper right-hand portion of the diagram of persalic rocks on PI. III. 

In this diagram the number of the order of each rock is given by the first figure 
under its individual diagram. The number of the rang is given by the second figure. 
A study of these numbers will show that in the left-hand portion of the large dia- 
gram there is general concordance among the individual diagrams with respect to 
orders and rangs, except near the borders between orders, and between rangs. But 
in the right-hand upper portion of the large diagram there is great confusion of 
orders. It will be noted that where diagrams of different orders occur close together 
that with the higher number is the more potassic, other things being equal. The 
confusion would disappear if diagrams were constructed to exhibit the various sub- 
rangs. The correspondence between the distribution of the persalic rocks according 
to orders in the multiple diagram on PI. Ill and the theoretical limits of the orders 
as shown on PL U is apparent. The orders form belts transverse to the curves 
which are the limits to ideally pure alkalic persalic rocks, namely, those consisting 
wholly of quartz, alkali-feldspars, or lenads. 

As the wholly alkalic rocks occur along the limiting curves just mentioned and 
those free from alkali occur on the bottom line of the diagram, it follows that the 
various rangs of persalic rocks occur at intervals between these limiting lines; the 
peralkalic nearest the upper curves, the percalcic nearest the bottom line. 

The boundary lines betv/een the 5 rangs of persalic rocks are shown in the 
diagram on PI. II. The black lines nearly parallel to the upper curve mark the 
limits for those based on soda alone; the red lines for those based on potash 
alone. Since most rocks contain both alkalies the limit for rangs wiU shift 
according to the ratio between soda and potash in the rocks. The rangs form 
belts roughly parallel to the limiting curves and bottom line of the multiple 
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diagram. The limiting lines are drawn from the point of pure quartz, where 
they all become zero, to points on lines marking the middle of the perfelic order, 
6 — that is, the lines for mixtures of albite and anorthi.e in the case of pure 
soda rocks, and that for mixtures of orthoclase and anorthite for pure potash 
rocks. The points on these lines occur in the first case where NajOiCaO::?:!; 
Na,0:CaO::6:3; Na^O:CaO::3:5; NajO:CaO::l:7. They ocour in the second case 
where KgOiCaO::?:!, etc. From these points the limiting lines pass to corre- 
sponding points on lines representing mixtures of nephelite and anorthite and of 
leucite and anorthite. 

From PI. II it is seen that the range of rangs is nearly concordant in the 
quaric orders of persalic rocks and more and more div.^-ent in the more lenic 
orders according as the rocks compared are more sodic or more potassic. This 
explains the apparent confusions of rangs in the right-hand portion of PL III. 

There is a close con*espondence between the distribution of the persalic rocks 
according to rangs in the large diagram (PI. Ill) and the theoretical limits of 
rangs shown in PI. II. This is shown by the second figure under each individual 
diagram. 

The diagram on PI. II exhibits the limitations of orders and rangs of the 
persalic rocks containing lenads. These are seen at the right 'end of the diagram. 
The limiting lines representing combinations of nephelite and anorthite and of 
leucite and anorthite cut diagonally across the belts of orders and rangs. Thus 
in soda rocks whose limits are shown by black lines order 9 has only rang 1; 
order 8 contains rangs 1 and 2; order 7 embraces ran^s 1, 2, and 3; order 6 has 
four rangs — 1, 2, 3, and 4, while all five rangs occur in order 5. In potash 
rocks, represented by red lines, the conditions are not quite so simple, as is seen- 
in the diagram. Each of the lenic orders has a little larger range in calcic 
content and includes a small amount of a more calcic rang than occurs in the 
purely soda rocks. 

There are variations in composition in rocks not yet taken into consideration 
which further modify the distribution and arrangement of ^iie individual diagrams. 
Most rocks contain femic components, and these are generally low in alkalies or 
free from them. With increasing amount of nonalkalic femic components the 
limits of rangs in the multiple diagram shift downwar'^, for rangs are established 
on the ratio between salic alkalies and salic lime — that is, between the KjO and 
Na^O and the CaO in the standard feldspars and lenads. Consequently the more 
femic minerals present, the less salic, and the smaller the alkalies necessary to 
maintain a given ratio with diminished salic lime. Hence the boundary line 
between rang 1 and rang 2 occurs farther below the limiting quartz-feldspar lenad 
curves the greater the amount of nonalkalic femic components in rocks. This is 
evident on comparing rangs in Pis. Ill and IV. 
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In the majority of rocks in which there is more alumina than alkalies there 
is usually more lime than is sufficient to satisfy the excess of alumina, so that the 
ratio between salic alkalies and salic lime, which determines the ranj^, is 
dependent on the amount of alumina in the rock. From this it happens that 
rocks having like silica percentages and alkali-silica ratios, located near one 
another in the multiple diagram, may differ in rang because of differences in 
alumina. Other things being equal, those with higher alumina will have lower 
ratios between salic alkalies and salic lime; and conversely, those with lower 
alumina will have higher alkali-calcic ratios. And these differences may affect 
the rang of the rocks compared. Examples of this kind are more evident in 
diagrams of rocks of Class II, and are found at 56.^-0.065 and 56.7-0.066, also 
56.6-0.074 and 56.9-0.074, on PL IV. 

Where the femic components of persalic rocks are alkalic the rocks are always 
in peralkalic rang 1, so that the limit of rang 1 is extended downward in the 
multiple diagram. The individual diagrams for rocks of this kind are character- 
ized by comparatively short Al^O, lines, less than the sum of K,0 and Na,0. 

The effect of increasing amounts of femic components in persalic rocks upon 
the limits of orders is not so easily appreciated, the relations being less simple. 
If we compare two rocks with like silica and alkali percentages, which would 
occur near one another in the diagram (PI. Ill), the more nonalkalic femic com- 
ponents the less salic; that is, the less alumina and the less anorthite. If the 
rocks are quaric the ratio between quartz and feldspar is increased by decreasing 
the anorthite feldspar. But the substitution of FeO, MgO, or CaO for A1,0, 
would require more SiO, to form metasilicates than that required to form anor- 
thite, consequently the free SiO„ quartz, would be reduced, but to a smaller 
amount than the feldspar is reduced, consequently the ratio between the quartz 
and feldspar would be higher in the rock with more nonalkalic femic components. 
The limits between the quaric orders would shift to the right. 

If the rocks are lenic, containing nephelite, sodalite, or leucite, a reduction 
of anorthite feldspar would increase the ratio between lenads and feldspars. A 
substitution of FeO, MgO, or CaO for Al,0, in amount equal to the CaO of 
presupposed anorthite would necessitate their conversion to metasilicates accord- 
ing to the method of the quantitative classification under discussion. This would 
require more silica than is required by anorthite, so that the amount of alkali feld- 
spars would be reduced and the lenad-feldspar ratio further increased. In case 
the lime were replaced by magnesia and iron oxide and converted into orthosili- 
cates there would be slight chiuige in the silica available for the salic compo- 
nents, because of the general preponderance of magnesia in such rocks, and its 
lighter molecular weight and consequent greater number of molecules. Hence, 
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in most cases an increase of femic components would increase tlie lenad-feldspar 
ratio, and the limits between lenic orders of persalic rocks would shift toward 
the left. 

In the less frequent cases in which alkali femic components occur, the limits 
between all orders shift to right or left according to the relative proportions of 
the alkali-femic components and according as they are acmite or are free from 
ferric iron. 

The occurrence of magnetite, ilmenite and other mitic components also mod- 
ifies the position of the ordinal limits, but in peralkalic rocks these constituents 
generally occur in such small amounts that their effects may be disregarded in 
the interpretation of the diagram under consideration. 

With respect to subrangs it may be said that in the great majority of cases 
they can be recognized by a comparison of the yellow and green triangles repre- 
senting the relative amounts of soda and potash in the rock. For in most 
instances all of the alkali is salic. In other cases where part of it is femic, the 
ratio between the salic alkalies can be made out by a scrutiny of the triangles 
and a comparison of the amounts of alkalies and alumina expressed by the 
lengths of the potash, soda, and alumina lines. The ratio in this case would be 

K,0 



Ai^O,-K,0. 

In general, where alumina is in excess of the sum of the alkalies, a comparison 
of the triangles named, or of the lengths of the potash and soda lines, will 

determine the subrang to which the rock belongs. Those in which ^^j\>t are 

in perpotassic subrang 1; those with .j=^|^< :|- >- are dopotassic subrang 2; when 

K«0 5 3 K-0 3 1 

^^<->- the subrang is 3, sodipotassic; when ^>^ <->^ it is dosodic, 

subrang 4; and with ^-?^< ^ ^^® subrang is 5, persodic. 

These divisions apply only to the first three rangs. In the fourth rang, which 
is docalcic, there are only three subrangs, namely: 1, ^^ >- prepotassic; 2, 

^-^ <^> ^ sodipotassic; 3, ^^ < - presodic. The fifth rang being precalcic, 

subrangs are not recognized. 

A study of the diagrams on Pi. Ill shows that soda preponderates over 
potash in most persalic rocks; that sodipotassic rocks, subrang 3, are the most 
numerous; that dopotassic rocks are rare, and perpotassic ones extremely so. The 
numbers of rocks in the 5 rangs are 3, 31, 201, 156, 21. 
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Variations in the femic components, FeO, MgO, and femic CaO, are noticeable 
in the individual diagrams and represent differences among the subordinate 
mineral constituents of the rocks. Their quantity is so small that they may be 
neglected in the magmatic classification of these persalic rocks. 

The diagrams plotted together demonstrate the gradual transition between 
orders of rocks of. Class 1, as well as between rangs and subrangs. And since 
any individual diagram may represent a large body of igneous rock or a small 
facies of one, and since any of the diagrams may represent rock bodies of con- 
siderable importance, it follows that all parts of the series may be of equal 
importance geologically or petrologically, and consequently rocks that happen to 
belong on the border line of any set of subdivisions into which the whole rock 
series must be divided, for purposes of classification of any kind, ma}' be as 
important as those situated at the center of such an arbitrary division, and in 
some regions it will happen that such rocks are the most important. 

When the student has become convinced of the continuity of the chemical 
series of igneous rocks he will not be surprised to discover that a rock of great 
importance belongs on the boundary of a classificatory division, or probably falls 
on both sides of a division line. It will not affect the importance of the rock or 
militate against the value of the system of classification. It will simply be a 
"natural" fact. And the system of classification will appear to him as "natural'' 
as any other system which attempts to classify igneous rocks. 

DIAGRAMS OF CLASS n. 

The multiple diagram of 335 dosalic rocks of Class 11 (PL IV) may be 
readily interpreted by comparison with that of Class I (PI. III). The spotted 
diagram to the left shows the distribution of the analyses with respect to silica 
and alkalies. The rocks are for the most part lower in alkalies than those of 
Class I, because the femic components are generally nonalkalic. The few cases 
with rather high alkalies contain acmite molecules, which fact is indicated in the 
individual diagrams by pronounced iron oxide and soda and by low alumina. 
Several of these occur in the left-hand part of the multiple diagram at 74.35- 
0.092, 69.02-0.121, et€. 

The dominant constituents in dosalic rocks being the same as those in the 
persalic rocks, nine orders have been established, in the same manner as in Class I. 
Rangs and subrangs also correspond to those in Class I. So there is the same gen- 
eral arrangement of individual diagrams in PL IV, according to orders and rangs, as 
in the multiple diagram of Class I, with the modifications produced b}' increasing 
amounts of femic components, for the most part nonalkalic. The belts of orders 
are transverse to the limiting quartz-alkali-feldspar lenad curves. The limits of 
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rangs are lower than in the diagram of Class I. There is the same confusion of 
orders and rangs along the division lines consequent upon variations in alumina and 
femic components, and a like diversity of alkalies, shown by the yellow and green 
triangles, with a strong preponderance of soda over potash. The greatest number 
of rocks are dosodic. The numbers in each rang are: 0, 17, 126, 183, 9, 

With an increase in the femic components the variations in iron oxide, magnesia, 
and time become more noticeable and important, and it is necessary to recognize dis- 
tinctions among the subordinate femic components, that is, to note grads and sub- 
grads. The nature of the grads can not be determined directly from the diagrams 
because it depends on the amount of available silica, which may be combined with 
femic b£ises to form silicates, pyroxene, olivine, or akermanite, and also on the 
amount of ferric oxide and titanium oxide. The ferric oxide is blended with ferrous 
oxide in the diagrams and is not indicated graphically. Titanium oxide is so small 
in most dosalic rocks that it is not introduced into the diagrams in this Class II. 

It is to be noted, however, that the silica is suflSciently high to form silicates of 
almost all the femic bases, and ferric oxide is in most cases low, so that the great 
majority of dosalic rocks belong to the prepolic grad 1, that in which the femic sil- 
icates — pyroxene and olivine — preponderate over the femic nonsilicates — magnetite, 
hematite, ilmenite, rutile, and the silico-titanate, titanite. 

As to the subgrad to which these rocks belong, by far the largest number contain 
nonalkalic femic components, and therefore fall in the premirlic subrang 1. A 
small number contain alkalic femic components in nearly the same proportions as 
nonalkalic ones, and fall in the alkalimirlic subrang 2. Some, characterized by 
highly alkalic femic constituents, such as acmite, belong to subrang 3. 

The multiple diagram for Class U (PI. IV) exhibits similar transitions between 
orders and between rangs as those shown by the diagram for Class I, and permits 
the same conclusions to be drawn from it. The chemical series will appear more 
and more complete as more varieties of rocks are analyzed. 

DIAGRAMS OF GLASS UI. 

The chemical relations of the salf eraic rocks, Class III, are expressed graphically 

on PI. VI. Two of them are so high in silica that they have been plotted on PL 

alk 
IV with rocks of Class II. One is rockallose, with 73.60 SiOj, 0.091 gjQ^. It is 

intermediate between Classes III and II. The other is a pantellerite, with 68.75 

alk. 
SiO,, 0.144 qjQ". It is also intermediate between Classes III and II. 

The distribution of the rocks with respect to silica and alkalies is shown in 
the upper diagram of PI. V. The location of the analyses in the multiple dia- 
gram is still farther from the limiting curves than in Class II, and the silica 
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ranges lower. The alkali-silica ratios reach high values in some cases. TiO, is 
present in notable amount in a number of instances. 

It will be observed that the lower half of the individual diagrams is the 
larger in nearly every case, but the long, narrow, upper triangles indicate that 
there is more alumina than alkalies, and that part of the lime is salic, so that 
the salic components are more nearly equal to the femic than appears at first 
glance. 

There are but two rocks in quarfelic drder 3, those mentioned above, and 
plotted on PI. IV. Veiy few occur in order 4. The greatest number are per- 
felic, order 5, and the lenic orders are well represented. 

Most of the perfelic rocks are alkalicalcic, rang 3, or docalcic, lung 4. The 
few that are peralkalic or domalkalic are low in alumina, as, for example, 54.2-0.160 
and 45.2-0.085. It is noticeable also in the lenic salfemanes, orders 6, 7, 8, and 
9, that the domalkalic character of the salic minerals in a number of rocks is 
due to low alumina rather than to high alkalies, as 50.00-0.110, 46.00-0.121, and 
42.7-0.139. 

There are great variations in the shapes of the diagrams of rocks nearly 
alike in silica and alkali-silica ratio. A few rocks are rich in potash, notably 
those from Leucite Hills, Wyoming, 54.08-0.163, and others. A greater number 
are rich in soda, occurring in the upper part of the multiple diagram. But the 
majority are sodipotassic and dosodic. 

Since in these rocks the femic minerals are equal or nearly equal to the 
salic, and in some cases are more abundant, they are as characteristic of the 
rocks as the salic minerals. The salfemanes differ considerably with respect to 
these constituents, which is plainly shown by differences in the shapes of the 
lower part of the individual diagrams. Some are long in the direction of lime; 
others long in magnesia. Few have more iron oxide than magnesia. From this 
it follows that the grad, subgrad, and section of subgrad are as important in the 
classification of these rocks as are order, rang, and subrang. 

The grad of these rocks can not be determined from the diagrams because it 
depends upon the proportions of ferromagnesian silicates and nonsilicates deter- 
mined by the available silica and the ferric iron not allotted to acmite. It is to 
be remarked that the great majority^ of salfemic rocks included in the diagrams 
are dopolic, grad 2 — that is, normative pyroxene and olivine dominate over mag- 
netite, hematite, and ilmenite. In most of these rocks there is a notable amount 
of normative nonsilicates. The majority of these rocks are perpyric or dopyric, 
sections 1 and 2 — that is to say, normative pyroxene preponderates over olivine. 

The character of the subgrad i« indicated by the diagrams, since this depends 
upon the proportion of alkalies that enter the femic minerals. With few excep- 
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tions the alumina is greater than the sum of the alkalies, so that the femic min- 
erals are nonalkalic and the rocks belong to the permirlic subgrad 1. The 
exceptions to this are the two rocks rich in acmite — rockallose and the rock near 
varingose. 

The diagrams also show that most of these salfemanes are domiric, section 2, 
ferrous oxide and magnesia dominating over femic lime. This, however, is not 
perfectly evident in the diagrams because of the lack of information concerning 
ferric iron and the necessity of deducting salic lime from the total lime. 

Finally, when it is remembered that nearly half the molecules of iron oxide 
belong to ferric oxide, the diagrams show that in most cases the rocks are 
domagnesic, subsection 2, with magnesia dominant over ferrous iron. In a few 
instances they are permagnesic, which is indicated by long, narrow, blue triangles. 

DIAGRAMS OF CLASSES TV AND V. 

The diagrams of dofemic and perfemic rocks, Classes IV and V, are plotted 
together on PI. VII. This h&j been done because of the comparatively small num- 
ber of analyses of these rocks at hand and the desire to economize space. The dis- 
tribution of these rocks with respect to silica and the alkalies is shown in the lower 
diagram on PI. V. As should be expected, these rocks are far from the quartz- 
alkali-feldspathic curve, are low in alkalies, and extend to the lowest limit of silica. 
The diagram of one rock comparatively high in alkalies falls outside the area of 
PI. VII, and is not represented. The rock is a nephelite-basalt from Katzenbuckel, 
Odenwald (46.(Mr-0.209). Individual diagrams belonging to rocks of Classes IV and 
V are designated by Roman numerals, IV and V, before Arabic ones denoting orders 
and sections of orders. 

The arrangement of the individual diagrams in* the multiple one is in accord 
with the general system adopted with special reference to the great majority of 
rocks, the more salic ones. The rocks of Classes IV and V are less than one-tenth 
of all that are represented in the diagrams. Their arrangement is related to one 
component of prime importance, silica. But alkalies are extremely subordinate 
and would not properly be chosen as a basis for their coordination were these rocks 
considered by themselves. However, their relations to the more salic rocks are 
exhibited by retaining the same system of arrangement. 

The chief difference between the rocks of Classes IV and V lies in the amount 
of alumina, with which in general there is sufficient lime or alkalies to form salic 
feldspars or lenads. In one case only is the composition of the magma such as to 
require the assumption of salic corundum, the rock being magnetite-spinelite from 
Routivare, Sweden (4.08-0.092). Most alt of the rocks containing alkalies belong to 
Class IV, but this class also embraces rocks without alkalies, the diagrams occurring 
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on the zero line for alkali-silica ratios. Nearly all the rocks of Class V are so 
low in alkalies as to occur on the zero line. The higher ratios obtaining in several 
iron ores with 4 to 8 per cent of silica may easily be due to errors in chemical analy- 
sis, though, of course, they may be correct values. 

Since dofemic and ^rfemic rocks are divided into orders according to the 
relative proportions of femic silicates and nonsilicates, and into sections of orders 
according to the proportions of femic metasilicates and orthosilicates, it follows 
that the five orders and sections range according to the silica content of the rock 
from perpolic order 1, perpyric section 1, with highest silica, 55.5, to permitic 
order 5, with lowest silica, 0.7. In like manner the various sections under each 
order range from higher to lower silica. These distinctions do not appear in the 
shapes of the diagrams, but in their lateral position in the multiple diagram. 

With respect to rangs it happens that without exception all the rocks repre- 
sented in this coUect^ion of analyses belong to permirlic rang 1, the alkab'es 
which occur in the rocks being salic, which is shown in the diagrams by the 
alumina line exceeding the sum of those of the alkalies. 

Sections of rangs and subrangs are based on the proportions of femic lime, 
magnesia, and ferrous oxide, but the proportions of ferrous and ferric oxide are 
not indicated in the diagrams. It is to be noted, however, that iron is generally 
subordinate to magnesia in most perfemic rocks with more than 28 per cent of 
silica, so far as they are represented in the collection of analyses; and when it 
is remembered that a part of this iron is ferric, it will be seen that the propor- 
tion of ferrous iron is smaller than appears in the diagrams. 

While the lime is considerable in a large number of cases, it is very small 
in many of the rocks, and when salic lime is deducted it is found that the femic 
lime is subordinate to the magnesia and ferrous iron in nearly every instance. 
A majority of the dofemic rocks, Class IV, are domiric, section 2 of rang 1. 
A smaller number are permiric, section 1 of rang 1. In nearly every case these 
rocks are domagnesic, subrang 2. The iron ores of Class IV are perferrous, 
subrang 5. 

The perfemanes. Class V, with the exception of the iron ores, are permiric 
and domiric in about equal numbers. Lime is subordinate to magnesia and iron. 
They belong to sections 1 and 2 of rang 1. In nearly every case these rocks 
are permagnesic, subrang 1. This is shown by the elongation of the magnesia 
line. The iron ores o:* course are perferrous, subrang 5. The abrupt change 
from the titaniferous iron ores, below 27 per cent silica, to the magnesium-rich 
rocks above this percentage of silica is very noticeable. It indicates that the 
intermediate transitional rocks which have been described by petrographers have 
not been analyzed. 
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The diagrams of the different classes of igneous rocks established by the 
quantitative system illustrate the chemical characters of the rocks grouped 
together by this system, and show the degrees of similarity and the ranges of 
variation within the different divisions of the classification so far as they exist in 
the rocks represented by the 977 analyses in the collection. 

A greater number of multiple diagrams representing separate divisions of 
the system will give more definite graphic expression to these minor groups of 
rocks. Their preparation and publication at this time have not been feasible. 
It is possible, also, to devise individual diagrams which shall express more or 
less definitely the norm of each rock, but these would of necessity be so intricate 
that a larger scale of drawing would be required, entailing serious difficulties of 
publication. 

It is believed that the simpler individual diagrams and more composite 
multiple ones here presented wiH serve a better purpose at this time in demon- 
strating graphically some of the chemical facts and relationships that have been 
used by Crosi*, Pirsson, Washington, and the author as the foundation on which 
they have constructed the quantitative system of rock classification. 

CORRELATION OF IGNEOUS ROCKS CliASSIFIED BY THE QUAKTITATIVE 

AND QUAI.ITATIVE SYSTEMS. 

The classified list of rocks already given shows the character of the correlation 
that may be made of the two systems of classification. The variety of names 
that appear within any one of the more common divisions of the quantitative 
systems is due in part to differences in chemical composition, which are recog- 
nized by subdivisions of the system of a lower order, as grad and subgrad. It 
is in part due to diversit}^ of texture and mineral development, which is expressed 
in this system by terms qualifying the magma names. But it is also due to a 
great extent to essential differences in the bases of classification in the two sys- 
tems and to the flexibility of qualitative definitions. 

A brief tabulated statement of the salient features of the correlation is given, 
with some general remarks concerning the more common relationships. Greater 
detail must be gotten from the classified list and from the collection of rock 
analyses published by Washington. 
14474— No. 18—03 6 



82 



CHSMICAL 0OMFO8XTION OF IGNEOUS BOOKS. 



^ 



1-3 







- S 









OOBBBLATION OF BOCKS DIFFKSENTLY CLASSIFIED. 



83 




86 



OHEiaOAI OOMPOSITION OF IOKEOU8 BOOKS. 






i 



s 

S 



I 5 

' ■ 



i 
s 



I 



o 



* O 41 ft a» 

S ? 2: 2 



I 



5 ^ 

* I 

S pa 

^ 111 



^:§ I 
c fi ^ 

S ^ «s 

?5 •< 



II 



i 



I i 5' I « 

7 Z J H J iJ 



s 
9 



5 i I* « 
sill 

ffi H S k 



k i 



5 3""k 



J3 



II 
II 



:S ^ i Jill 

sl-g-stllsl 



i% 



o s 









sasB 



O J. 

ft ^ 




ii 

5 5^ 

<y o « 



II 

3 I 









CORBELATIOK OF ROCKS DIFFEBENTLI 0LA88IFIBD, 



87 






5^ 



I 5 1 1 1 1 ^ 

S -c 5 f 3 g S 

aJ O C T3 o ® 3 

O 55 Q -tJ fc S « 



J 

M 



08 O 



li 






SI 



II 

O 



88 



CHEKICAL OOHPOSinOX OF IGNEOUS BOCKS. 
CLASS IV. DOFEMANE. 



1. HnBfarftK. 


! ' 1 
1 1 


6 . 




Gabbro and peridotite. 


Iron 


ores. 


8. 1. HlBBeiotlftre. 


S. 1. . ! 8. 1. BergeBlcrf). 






Gabbro. 

Wehrlite. 

Pyroxenite. 


Augite-norite. 

Pyroxenite. 

Neph.-basalt. 


Ilmenite-norite. 






S. 2. . 


8. 2. PaoUare. 


8. 2. . 




8. 2 . 


Gabbro. 
Missourite. 
Wehrlite. 
Peridotite. 


Gabbro. 

Koswite. 

Jacupirangite. 

Auglte- peridotite. 

Homblendebasali. 

Neph.-basalt. 


(?) Pyroxenite. 

Avezacite. 

Neph. melilite-basalt. 


Iron ore. 


Iron ore. 


H. 3. HanyarUre. 


8. S. Texlare. 




8. S. ChamplalBore. 


* 


Wehrilte. 
Peridotite. 
Homblende-picri te. 
Hornblendite. 
Lherzolite. 


Peridotite. 

Neph.basalt. 

Neph. melilite-basalt. 




Iron ore. 




S. 4. . 


8. 4. . 








Peridotite. 
Lherzolite. 


Limbargite. 
Neph.-memite-basalt. 








8. 5. Pyrealare. 


8. 6. . 








Hornblende-peridotite. 
Homblende-lherzolite. 
Venanzite. 


Mica-peridotite. 










CLASS V. PERFEMANE. 




1. Haorare. 


— 1 — . ■ — 


5 r 


Peridotite an 


d pyroxenite. 


Iron ores. 


8. 1. CaroUBlare. 




i 




Websterite. 
Pyroxenite. 
Lherzolite. 










8. 2. HaryUBdlare. 


8. 2. . 




8. 2 , 


8. 2 . 


Pyroxenite. 
Koswite. 


Lheraollte. 




Iron ore. 


Iron ore. 


8. S. . 








8. S 


Koswite. 








Iron ore. 


8. 4. . 




8. 4 . 






Saxonlte. 




Iron ore. 






8. 5. Haorlare. 


8. 5 . 








Dunite. 
Harzburgite. 


Dunite Bid6ronltique. 
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Approaching the subject from the standpoint of the qualitative, mineralogical 
system we are interested in the distribution of rocks in the quantitative system 
in the first instance according to their content of quartz, feldspar, feldspathoid, 
or ferromagnesian minerals. We may consider the distribution of, first, rocks 
containing a notable amount of quartz and their equivalent lava forms; second, 
rocks characterized by feldspar without notable amounts of quartz or feldspathoids; 
third, rocks containing notable amounts of feldspathoids; fourth, rocks composed 
chiefly of ferromagnesian minerals. 

In general, it may be said that the quartzose igneous rocks fall almost without 
exception in Classes I, II, and III, and those in Class III are comparatively rare, 
so that most quartzose rocks belong to Classes I and IJ, and those with notable 

amount of quartz ( -r > 7 ) ^^e in orders 4 and 3, very few occurring in orders 2 

and 1, and these only in Class I. 

Nearly all rocks known as granite, granodiorite, quartz-monzonite, quartz- 
diorite, and the rare quartz-gabbros, together with their aphanitic and glassy equiv- 
alents, belong to order 4, Classes I and II, in most part, and to some extent to 
order 3 in Class I, very few being found in this order of Class II. The most 
quartzose rocks belong to Class I. 

Of the minerals associated with quartz the most abundant and frequent are 
feldspars, usually preponderant, and these are distinguished in the qualitative 
system as alkalic, alkalicalcic^ and calcic. Since it is generally true that as magmas 
are richer in magnesium and iron they also contain more calcium, it follows 
that rocks richer in ferromagnesian minerals usually carry more calcic feldspars 
than rocks poor in those minerals. Consequently the greater number of quartzose 
rocks with alkalic feldspars occur in Class I, and the greater number with calcic 
feldspars are in Class II; and those with the most calcic feldspar should occur 
in Class III. To this, of course, there are notable exceptions, especially where 
the femic mineral is not ferromagnesian but alkalic, as acmite, in rockallose. 

Most granites are found in Class I, and most of these are in order 4, with 
dominant feldspars; fewer in order 3. Most of these persalanes are peralkalic 
and domalkalic, rangs 1 and 2. But in order 4 a considerable number are alkali- 
calcic, rang g. The more alkalic rocks are commonly sodipotassic, while the 
alkalicalcic ones are mostly dosodic; that is, with increase of lime there is a 
diminution of potash. 

These quartz-bearing persalanes include rocks that have been named aplite, 
gi-anite, granitite, granodiorite, quartz-monzonite, quartz-diorite, the phanerocrys- 
talline porphyries of these, and quartz-porphyry, rhyolite, dacite, and andesite, 
together with those of special varieties — alaskite, alsbachite, tordrillite, comendite, 
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paisanite, toscanite, and others. Some rocks that fall within the limits of these 
divisions of the quantitative system bear names occurring mostly in other divi- 
sions, such as syenite, nordmarkite, diorite, andesite. These are in part inter- 
mediate rocks deserving double magma names; in part, those, like some andesites, 
whose mineral composition is not completely determinable, and in which the 
quartz content is obscure or uncrystallized. 

A much smaller number of granites belong to Class 11, dosalanes. The most 
alkalic members of this class, pantellerite and grorudite, are comparatively rich in 
ferric oxide. 

Most of the quaric rocks of Class II are alkalicalcic and dosodic. The 
greater number of them bear the names quartz-diorite, diorite, and andesite. 

The quaric rocks i. Class III are low in quartz, except in the rare varie> 
ties of pantellerite and rockallite. But in the other rocks, also rare, quartz 
occurs in small amount with alkalicalcic feldspars and calcic feldspars. One of 
these rocks is quartz-gabbro, another a diorite, and several others olivine-bearing 
rocks, whose chemical analyses are such that they fall in order 4 of this class. 

Rocks characterized by feldspars without notable amounts of quartz or felds- 
pathoids occur in perfelio order 5 of Classes I, U, and III. 

Among the perfelic persalanes. Class I, the more alkalic rocks are commonest 
(syenites), alkalicalcic ones are rare, while docalcic ones are well known (anortho- 
sites). As to the character of the alkalies, soda preponderates in most cases, 
dosodic rocks being more abundant than sodipotassic ones, which, however, are 
c6mmon. 

The names borne by these rocks are: Syenite, nordmarkite, pulaskite, laui-vi- 
kite, bostonite, trachyte 'Tilsinite, andesite, keratophyre, and others. The most 
sodic rocks have been called albitite; the most calcic, anorthosite. Some of them 
have been called nephelite-syenite, phonolite, leucite-trachyte, and other names. 

The perfelic dosalanes. Class II, are more common than the extremely felds- 
pathic persalanes, and the alkalicalcic ones are more numerous than the domal- 
kalic or docalcic forms, but these are also well represented. Most of these rocks 
are dosodic, although many are sodipotassic. 

They appear under the names of syenite, umptekite, monzonite, diorite, 
gabbro, norite, trachyte, ciminite, akerite, shoshonite, andesite, basalt, and others. 
They also include some rocks called granite, nephelite-syenite, leucite-trachyte, 
and kersantite. 

The perfelic salfemanes. Class III, are alkalicalcic and docalcic, and most of 
them are dosodic. They embrace gabbro, norite, ariegite, kedabekite, camp- 
tonite, dolerite, and basalt. The more potassic and sodipotassic rocks of this 
class and order have been called kentallenite, absarokite, and lamprophyre. A 
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few peralkalio rocks belongiDg here occur at Leucite Hills, Wyoming — orendite, 
wyomingite. 

The rocks characterized by notable amounts of f eldspathoids or lenads— leucite, 
nephelite, sodalite-rwith the exception of a few that belong in Class IV, fall 
within the lenic orders 6, 7, 8, 9 of Classes I, II, and III. 

Lenic persalanes, Gass I, are most abundant in order 6, with dominant 
feldspar, but they are known in each of the more lenic orders. They are mostly 
peralkalic and dosodic, some being sodipotassic. They have been named nephelite- 
syenite, foyaite, ditroite, miascite, phonolite, and tinguaite. Very few contain 
leucite. 

The same is true for the lenic dosalanes, Class 11. Most of them occur in 
lendofelic order 6, but the other lenic orders are represented. 

In order 6 they are mostly peralkalic and domalkalic, and the majority are 
dosodic. They include nephelite-syenite, laurdalite, essexite, tinguaite, theralite, 
and others, besides some rocks called syenite, monzonite, diorite, and gabbro. 

Bocks of the remaining orders are peralkalic and dominantly sodic. A few 
rocks in order 7 are sodipotassic. 

Order 7 contains rocks called lujavrite, tinguaite, tephrite, leucitite, hauyno- 
phyre, and others. 

Rocks of orders 8 and 9 are rare. The first embrace leucite-basanite, leucitite, 
and tinguaite. The ninth order is represented by urtite, an ijolite rich in 
nephelite, and sodipotassic arkite. 

Lenic salfemanes, Class HI, are about as numerous as lenic rocks in Classes 
I and n. They are more uniformly ' distributed through orders 6, 7, and 8. 
Perlenic rocks, order 9, are rare. 

In order 6 there are more alkalicalcic rocks than in the corresponding order 
of Class U. Most of the rocks are sodipotassic and dosodic. The rocks have 
been called shonkinite, leucite-syenite, leucite-monchiquite, monchiquite, limburgite, 
basanite, and others. 

In order 7 the rocks are dominantly alkalic and dosodic. They embrace 
malignite, theralite, nephelite-basalt, nephelinite, and others. 

Order 8 is similar to order 7. The rocks are rarer and a few are dopotassic. 
They are theralite, ijolite, nephelinite, leucitite, and others. 

The rocks of order 9 are peralkalic, and include dopotassic madupite of 
Leucite Hills, Wyoming, and dosodic ijolite, nephelite-porphyry, and nephelite- 
basalt. 

Rocks with preponderant femic constituents, the dofemanes, Class IV, and 
perfemanes. Class V, are distinguished from one another by the presence in the 
former of a notable but subordinate amount of salic, feldspathic minerals and 
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by their absence from the perfemanes. The dofemanes, then, contain either not- 
able subordinate amounts of feldspar, leucite, nephelite, sodalite, or of aluminous 
ferromagnesian, alferric minerals. 

In Class IV the five orders, based on the proportions of normative pyroxene 
and olivine, compared with magnetite, ilmenite, and other nonsilicates, are all rep- 
resented. Orders 1 and 2 are most common. In each of these the more pyroxenic 
sections are better represented than the more olivinic. The rocks invariably 
belong to the permirlic rang, 1; that is to say, the femic minerals contain little 
or no alkali. In most cases ferrous oxide and magnesia preponderate over lime, 
and in the majority of rocks magnesia dominates over ferrous oxide. 

In perpolic order 1 the rocks are known in the qualitative system as gabbro, 
olivine-gabbro, norite, koswite, peridotite, pyroxenite, jacupirangite, nephelite- 
basalt, nephelite-melilite-basalt, and limburgite. 

In polmitic order 3, with nearly equal silicate and nonsilicate minerals, the few 
rocks as yet described have been called ilmenite-norite, pyroxenite, avezacite, 
and nephelite-melilite-basalt. 

Orders 4 and 5, with preponderant magnetite and ilmenite, embrace certain 
f eldspathic iron ore^ from Sweden, Canada, and New York State. 

Rocks of Class V are comparatively rare; they have little or no feldspathic 
minerals or aluminous ferromagnesian minei-als. Most rocks belong to perpolic 
order 1, and range from wholly pyroxenic to wholly olivinic kinds. A very few 
rocks fall within each of the other orders. 

In order 1 the rocks have been called pyroxenite, websterite, koswite, peridotite, 
saxonite, harzburgite, and dunite. 

In order 2, with notable, subordinate, nonsilicate minerals, occur a Iherzolite, 
and dunite rich in iron ore. 

In the other orders, 3, 4, and 5, the rocks are titaniferous iron ores, with variable 
amounts of ferromagnesian silicates. In one instance the rock consists of magnetite 
and spinel 
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AbBaroklte 48,49,86 

Absarokose 48 

Acmite-trachyte 31, 34 

Adamellose 36 

Adiiondackare 68-59,88 

Adirondackase 58 

Adirondacklase 58 

Adirondackore 68,88 

Aegirite-granite 28 

Africa, rocks from 44,47,62,53,59 

Akerite 28,40,84 

Akerose 40 

Alaska, rocks from 23, 24, 26, 28, 29, 88, 41,^2,67 

Alaskase 23-24,82 

Alagkite 28,26,28,82 

Ala.skite-porphyry 29 

Alaskose '. 23 

A 1 ban ase 68, 86 

Albanose 68 

Albitite...., 82,82 

Allochetlte 45,84 

Alsace, rocks from 24,30,86,42,43,51,61,68 

Alsbachase * 24,82 

A Isbac hi t e ." 24 , 82 

Alsbachose 24 

Amadorose 30 

America, North, average rock from 38 

Amiatose 30 

Amphibole-malignite 62 

Analcite-basaJt 50,61,86 

Anda^e 40-42, 85 

Andes: te 29, 30, 32, 88, 86, 36, 37, 88, 40, 41, 42, 82, 83, 84, 86 

phonolltic 31 

Andesite-porphyry 29,87 

Andesite-basalt 42 

Andcfllte-perlite 80 

Andesitic glass 42 

Andosc 41-42 

Anorthosite 88,42,48,83,85 

Aplite 28,24,26,28,82 

Aplitic granite 26 

Aplitic granophyre 23, 26 

Argeinoae 65 

Ariegite 50.87 

Arizona, rocks from 40, 49 

Arkansas, rocks from 31, 32, 34, 35, 43, 46, 63, 56, 68 

Arkansose 46 

Arkite 46,84 

Ascutney Mountain, Vermont, rocks from 67 

Asia, rocks from 56 

.Asia Minor, rocks from 80,37,44 

Atlantare 47,87 
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Augite-andesite S2 

Augite-diorite 45 

Angi te-norlte 56, 88 

Augite-perldotite 56, 88 

Augite-porph yrite 32, 41 

Augite-porphyry 41 

Augitesoda-granite 29 

Augite-syenite 33 

Augltlte 48,51.86 

Australia, rocks from 23,26,27,28,85,87 

Austrare 86-38,84,85 

Austria, rocks from 33, 34, 37, 38, 40, 41, 42, 43, 44, 45, 61, 63 

Auveignase 49-60, 87 

Auvergne, rocks from 43 

Auvergnose 49-60 

Average rock, composition of 38,65-€6 

Avezaciase 68 

Avezacite 68,88 

Avezacose 68 



Baden, rocks from 89,40,41,60,61,52,66,67,58 

Baltimorase 60 

Baltimoriase 69 

Baltimorose ^ 60 

Banaklte 40,41,84,85 

Banatlte 80,83 

Bandase 88,85 

Bandose 88 

Basalt 40,41,42,48,45,47,48,49,60,62,84,85,86.87 

Baaanlte 46,46,84 

See alto Leucite, Nephelite-basanite. 

Bavaria, rocks from 28,54 

Bearpaw Mountains, Montana, rocks from 27, 40 

Becke, F., diagrams used by, description of 11 

Beemerose 34 

Beerbachlte 42,85 

Beerbachose 42 

Belchergse 64 

Belgare 82-83 

Bergenase 58 

Bergeniare 68.88 

Bergeniase 58 

Bergenose 68 

Black Forest, rocks from 27 

Bogoslof Island, Alaska, rocks from 41,42 

Bohemare 53,86-87 

Bohemia, rocks from 24,41,42,44,48,51,53 

Borolanite 44,84 

Borolanose 44 

Boetonite 31,38,82* 

quartz-bearing 27 

Brandbergiase 56 
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Brandbeigoee 68 

Brazil, rocks from 81,84,89,44,46,51,66,67 

Britannare 2&-80,82-88 



Daclte-porikhyry 29.80 

DaeoM 86 

Dakyiu, J. R., and Teall, J. J. H., dla^TMu used by. 



Brltlah Ouiana, rocks from 29,88 referenceto 10-11 

Brogirer, W. C, cited on prodnction of similar rocks ! Daigase 82 

from different magmas ^ 67 i Dargose 82 

diacTuns used by, description of 18,18 | Dellenlte 27,82 

Dellenose 27 

^' I Diabase 42,49,60 

California, rocks from 28,24,26,26,27, ' Diabase-pltchstone 49 

28,29,80,31,37,88,89,41,42,48,49,60,66,60.67,68 Dlabase-porphyrite 83.83 

Gampanare 46,84-86 Diabase-porphyry 80 

Camptonase 48-49,86 ' Diabase-syenite-porphyry 42 

Camptonite 42,49,60,51,58,86 Diagrams, classification of 70-81 

Camptonitic tingualte 45 ' classification of , Class 1 71-7« 

Camptonose 49 Class n 76-77 

Canada, rocks from 81,82,88,84,40,42,44,52,58.69,62 Classin 77-79 

Canadare 81-33,82-83 | ClasMsIVandV 79-«l 

Canadase 83,83 j discussion of 68-81 

Cape Colony, rocks from 47 j previous use of 10-16 

Cape Veide, rocks from 52,53 j Dikerock 57 

Carolinlare 6^-60,88 Diorite 29, 

Casselase 57 30,83,37,38,40,41,42,48,45,47,49,82,88,84,86,86,87 

Casseliase *..... 57 Diorlte-porphyrite 42 

Casselose 57 Diorite-porphyry 40 

Castle Moontains, rocks from 40,48 District of Columbia, rocks from 38,47 

Cecilose 60 . Dltrolte 84,40,82,84 

Celebes, rocks from 81, 82, 84, 40. 44 ' Dofemane 54-59,88 

Champlainase 59 I Dolerlte 88,41,42,43.49,85,87 

Champlainlase 59 Domite 32 

Champlainore 60,88 ' Dosalane 86-47 

Chlbinite 45,84 i Dunase ' 61 

Chile, rocks from 28,39,42,51 j Duniase 61 

Chotase 58,86 i Dunlte 61,88 

Chotoee 58 \ Dunlte siddronltique 61,1 



Dunose 61 

Durbachlte 89,84 

Eleollte-mica-syenlte 66 

Elsass. See Alsace. 
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Coloradose 30 

Columbare 23-25,82-83 



Christiania region, Norway, rocks from 67-68 

Clminite 39,40,84,85 

Ciminose 89 

Clarke, F. W., cited on composition of average rock. . . 65, 66 

Classification of igneous rocks, methods of 68-70 

Colombia, rocks from 30,36,37,40,41 ___^ 

Coloradase.. ';: ^ '' '^ !^'^ \ England, ro^k. frim 28 

Colorado, rocks from 28,26,27,28,29,30, I g^xase 44 84 

Essexite 40,42,44,45,49,84.85,86 

Essexose 44 

Etlndase 53,86 

Columbretes Islands, rocks from 33,34,40 I s^jQ^Qge m 

Comendite ^.... 26.^ Extreme ty^' iscusrion or//. !!!*//////////////////.'. 64-65 

Connecticut, rocks from 28,28,33,49,67 

Cookose 54 y. 

Correlation of igneous rocks, tables showing 81-92 1 pujrigjte 62.86 

^"**® *^'^ ' Feldspar-porphyry 29 

Co«^t« «'8* I Felslte. 36,84 

Cortlandtase 56 pelslte-porphyry 23,24 

Cortlandtlase 56 

Cortlandtose 55 I 

Covlte 42,44,84 | 

Covose 53 • 

Crazy Mountains, Montana, rocks from 31, j 

33,39,41,42,52.56,67 ' 

Cripple Creek, Colorado, rocks from 67 ' poyalte/ /////./. /./!!/////81 34 85 «._ 

Cross, Whitman, diagrams used by, reference to 11 I prance, ri)clw from."./... /V.'.V/V.V.V.V '82*84, «^^ 

letter of, transmittal by 7 

Custerose 55' GJ-. 

I^- Qabbro 48,45,49,50,54,84.85,86,87,88 

Dacase 36,84 ; dloritlc 52 

Dacite 28,29,30,86,37,82,88,84,85 ' Gnbbro-dlorite 41,43 

secretion In 42,43 , Gabbro-porphyry 49 



Ferdinandea, rocks from 42,68 

FergusoAC 48 

Fichtelgeblrge, rock from 28 

Finland, rocks from. . 24, 26, 31, 83, 34, 85, 39, 45, 46, 47, 52, 54, 57 

Finnare 58^,85-87 

Fourchite 60,87 
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OaUare 48^.86-87 

Oarnetrpyroxene-mAlignlte A2 

Oermanare 8»-«3,84-«5 

Oennany, rocks from.... 23,26,81,84,45,49.50,51,68,54,66,57 

OlBM, andesitic 42 

Oraham Island, rocksfrom 42. 

Omnite 23, 24^25, 26, 27, 28, 29, 80, 87, 88, 89, 82, 83. 84, 85 

graphic , 26 

Qranite^enite-porphyry ; 27,28 

Oranlte-poxphyry 26,26,27,28,29,86 

Gianitlte 28,24,25.26,27,28,29,80,36,87 

Omnodlorite 29,30,82,88,85 

Oranodlorite-aplite 28 

Oranophy^e 28 

Oiaphic granite 26 

Great Britoin. rocks from 28,28,88,41,44,49 

Greenland, rocksirom 60 

GPorudlte 27,85,86,82,84 

Qromdose 86 



Hackxnan, V., diagrams used by, reference to 18 

Hanover, rocks from '. 49 

Barker, A., cited on composition of the average rock. . 66-66 

diagrams used by, reference to ,... 11 

Harz Mountains, rocksfrom 23,81,47,57 

Harzburgite 61,88 

Harzose 37 

HaQynophyre 46,62,84,86 

Hedrumlte 39,44,84 

Heronite 34,82 

Herzegovina, rocks from 83 

Hessase 42-43,85 

Hessose 42-48 

He»e, rocks from 25,42.45,51,58 

Heumite 39,44,52,84,86 

High wood Mountains, Montana, rocks from 81, 

36,40,41,43,51,52 

High woodose 39 

Hispanare ..: 35-36,84-85 

Hobbs, W. H., diagrams used by, description of 18 

Hornblende-basalt 51,66,86,88 

Homblende-dacite 87 

Homblende-gabbro 45,52 

Homblende-lheraolite 65,88 

Homblende-monchiquite 60 

Homblende-peridotite 55, 88 

Homblende-picrite 55, 88 

Homblende-porphyrite 37 

Homblende-vogesite 51 

Homblendite 51,5f, 86.88 

Hungary, rock from 24,30,84,37 

Hungarare 64-66,88 

Hungariare 65,88 

Hypersthene-gabbro 50,54 
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Idaho, rocks from 

Iddings, J. P., diagrams employed in 1890 and 1896 by, 

description of 10,18-14 

livaaroee 54 

IJolase 58-54,86 

IJolite 47,51,88,54,84,86 

Ijolite-porphyry 52,86 
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Ireland, rock from 28 

Iron Mountain, Missouri, rocksfrom 67 

Iron ore 68,60,61,62,88 

Ischla, Italy, rocksfrom 40,67 

Italy, rocks from 25,26, 

27, 28, 29, 81, 82. 34, 35, 39, 40, 41, 42, 48, 44, 

45, 46, 47, 48, 49, 60, 52, 63, 55, 66. 68, 50, 67 

Italare 45-46,84-86 

J. 

Jacupiranglte 56,88 

Janeirose 46 

Japan, rocksfrom 88 

Judd, J. W., diagram employed by, reference to 10 

Judithose 48 
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Kaiserstuhl, rocks from . 

Kallerudose 

Kalteniase 

Kaltenose , 
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57 
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Kamerunare 52-58,86-87 

Kamerunase 52,86 

Kamerunose 52 

Kedabekase 60,87 

Kedabekite 50,87 

Kentallenlte 49,86 

Kentallenose 49 

Kentucky, rocks from 39 

Keratophyre 31 , 33, 82 

Kersantite : 39,42,84,85 

Kilauase 48,86 

Kilauose 48 

Koswite 56,60,88 

Koswose 60 

Kulaite 44,84 
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Hmenite-norite 58-88 

Ilmenose 

India, rock from 56 ' Leucitenephelite-syenite 



LAbrador. rocksfrom 

Liabradorase 

Liabrador-porphyrite 

I^Abradorite-porphyry 

Labradorose 

Lacroix. A., diagrams used by, description of 

Lake Superior region, rocks from 

Lamarose 

Lamprophyre 48,49, 

syenitic 

La Plata Mou n tains, rocks from 

Lappare 46-47, 

Lassenose 

Latite 29,37,41, 

Laugenase 

Laugenose 

lAurdalase 

lAurdalite 

Laurdalose 

lAurvikite 32, 

Laurvikose 
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Leuclte-syenite 61,86 

Leuclte-tephrite 44,46,46,68,84,85,86 

Leucite-tinguaite 43,44,45,84 

Leuclte-tingualte- vitrophyre 84 

Leuclte- trachyte 32,39,82,84 
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Leucitite 45,46,53,84,86 

Leucitophyre 46 

L^vy, A. Michel, diagrams used by, description of 12, 14 

Lherzase 55 

Lherziasc 65 

Lherzolite 55,59,61,88 

Lherzo«ie 65 

Limburgase 61,86 

Limburgite 51,53,67,86,88 

Limburgose 51 

Liparase 26,82 

Liparl, rocks from 25 

Liparite 31 

Liparoee 26,27 

Litchfleldite 31 

Little Belt Mountains, Montana, rocks from 89, 50 
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Loewinson-Lessing, F., diagrams used by, descrip- 
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Lujavrite, schliere in 44,84 

Lu javtose 45 

Lua>n, rocks from , : 40,41,42,67 

Madagascar, rocks from . . 27. 31, 33, 34, 40, 42, 44, 45. 51, 52, 67, 68 

Madupite 53,86 

Madupose 63 

M agdebuigose ^ 23 

Magnetite-spinelite 62 

Maine, rocks from 31,33 

Malignase 62 

Malignite 86 

Malignose 52,86 

Maorare 69-61,88 

Maoriare 61,88 

Mnricia.se 59 

Maricose 69 

Mariposose 29 

Mariupollte 36,82 

Mariupolose : 35 

Marqnettiase 57 

Marquettose 57 

Maryland, rocks from 24,26,28,30,38,43,51,60.61 

Marylandiare 60, 88 
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Melaphyre 47,87 

Mexico, rocks from 45 

Miascite 34,82 

Miaskase 34-35,82 

Miaskose 34 
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Mica-basalt 40 

Mica-dacite 29 
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Mica-gabbro 42 

Mica-poridotite 57,88 

Mica-picrophyre 48, 86 

Mica-porphyry 49 
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Michigan, rocks from 41,43.49,50,36,67 

Microditioite : 34 

Microessexite 45 

Microfoyaite 34 

Micromonxonite 33 

Mihaloee 24 

Minette 40,84 

Minnesota, rocks from 27, 29, 30, 33, 36, 41, 43, 49, 64, 62 

Minnesotase 54 

Minnesotlare 64.88 

Minnesotlase 54 

Missouri, rocks from 26,27,67 

' Missourite 64,88 

Monchiquase 51,86 

Monchiqulte 44,50,61,52,84.86,87 
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' Monzonase 39, 84 

' Monzonite 37,40,41,42,43,84,85 

faciesof 42,44 
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Mount Aseutney , Vermont, rocks from 67 

Milgge, O., diagrams used by. description of 16 

Muscovite-granite 23 
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I Naples, rocks from 39 

Nephelinite 60,58,86 

' Nephelite-aplite 34,82 

1 Nephelite-basalt 49,50,58,54,66,57.86,88 

Nephelite-basanite 51,86 

Nephelite-felsite 44,84 

Nephelite-gabbro 51,86 

; Nephelite-malignite 52 

Nephelite-melilite-basalt 57,58,88 

, Nephelitc-monzonite 44,84 
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I Nephelite-syenite 31,82,36,39,40,44,82,84 
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I Nephelite-tephrite 42,61,85 
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I Nordmarkite 28,31,32,39,82,84 
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Norway, rocks from 23, 26, 27, 28, 29, 
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Paoliare 56.88 
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Pergamon, rocks from 80 
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Perlite 23 
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Philippine Islands, rocks from 40,41,42,67 
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Phonolite 31,81,82 

trachytic 34 

Piedmont, Italy, rocks from 42 
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Pitchstone 23,26,27,29 

rhyolltic 27 
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Pulaakase 82-33,82 
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Pyroxenlte ' 54,56,57,59,60,88 
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Rhyolite 28,24,26,27,28,29,82 
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Russare • 34,82-83 

Russia, r(K«ks from 27,81,38,35,42,54,00 
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Sagamoae 38 

Salemase 46, 85 

Salemose 46 

Salfemane 47-54 

San Pietro. rocks from 26 
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Saxonite 60,88 
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Schliere in granite 25, 37, 38 

Scotare ....". 66-57,88 

Scotland, rocks from 28, 38, 44, 49 

Shonkinite 44.48,50.61,84,86 

Shonkinite-monzonite 40 

Shonkinose 61 

Shoshonite 40,41,84,85 

Shoshonose 41 

Siberia, rocks from 26, 34 

Sicily, rocks from 35, 43 

Silesia, rocks from 24,25,28,29,86,37,38.56 

Silver Cliff, Colorado, rocks from 67 

Similarity of rocks from dlfl.>rcnt regions, table show- 
ing 66-67 
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Soda-granite 27,29 

Soda-minette # 44 

Soda-rhyolit« 27 

Soda-ranexite 4«.84 

Soda-syenite 39 

Sodalite-trachyte 39,84 

Sodalite^yenite 32,82 

Solvgbeiglte 31,39,82 

South America, roclu from 27. 

28, 29, 80, 31, 33, 34, 36, 37, 39. 40, 41, 42, 44, 46, 51 , 66, 57. 60 

South Dakota, rocks from 3 1 , 34 , 85 

Spain, rocks from 33, 34, 40, 41 

Spherolltlc rock '£i 

STerigare 58,88 

Sweden, rock from 24,28,38,49,52,58,61,62 

Syenite 29,31,36,37,89,40,41,44,82,83,81.85 

Syenite-kerotophsrre 31 

Syenite-pegmatite 44 ! 

Syenite-porphyry 26,29,31,82 | 

Syenitic lamprophyre 48, «6 

Tachylyte 49 j 

Tasmanare :to,82-83 | 

Teall, J. J. H., and Dakyns, J. R., diagrams used by . . . 10 j 

Tehamose 24 , 

Tephilte 84,86 ; 

Tephiitic trachyte 33,40 ^ 

Texas, rocks from 26,27,67 

Texaae 57 

Texiare 67,88 

Theralite .' 44,62,53.84,86 ' 

ThQringerwald, rock from 26 

Thuringia, rocksfrom 51 

Tinguaite 81, 34, a5, 43, 44, 46, 46, 82, 84 i 

camptonitic 46 I 

Tonalase 37-;«,85 ' 

Tonallte 37,38,85 

Tonalite-aplite 24 

Tonalose 87-38 

Tonsbergite 32 

Tordrillite 28,82 

Towjanase. 27-29,82 

Toe(«nite 26,27.29,82,88 

Toscanose 28-29 

Trachydolerlte 82 

Trachyte 28,29,30,31,32,87,39,40,43,82,83,84,85 | 

tephritic 33,40 

Trachyte-andesite 36, 84 

Trachytic phonollte 84 

Transitional types, discussion of 64-65 

Transvaal, rocks from 44, 69 

Transylvania, rocks from 34 

Tuolumnose 32 

T\ rol, rocks from 26, 27, 37, 38, 40, 41, 42, 43, 44, 45, 51, 68, 58 

TJ. 

Umptekase 39, 85 

Umptekite 31, 39, 82, 84 

UmptekoM^ 39 

Unalaska, rocas from 38 
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Ural Mountain!*, rocks from 27, SI, 61, 66, flO, 61,68 

Urtase 46^7.84 

Urtite 47.84,85 

Urtose 



47 

Utah, rocksfrom 28,82,87 

Uvaldiase 57 

Uvaldone 67 

Vaalare 47,86-87 

Vaalase 47.86 

Vaalose 47 

Variations in composition of rocks, discussion of 68-64 

Varingase 85-86,85 

Varingose 86 

Venanziase 86 

Venanzite 56,88 

Venanzose 56 

Verde, Cape, rocksfrom 62,68 

Vermont, rocks from 26, 27, 29, 31, 40, 42, 49, 50, 67, 68 

V(>suvase 46, 84 

Vesuvius, rocks from 46,46,68 

Vesuvose 46 

Victorare 82-88 

Victoria, Austmlla. rocks from 23. 26, 27. 28, 85, 87 

Vieuenase 85,82 

Vieuenose 85 

Vogesite 86 

Vosges, rocks from 24.80,86,42,43,68 

Vulcanite 25,88 

Vnlcanose 25 

Vulsinite 32,41,82,85 

Vulsinose 32 

Vultuiase 46-46,84 

Vultnrose 46 

Wales, rocks from 23,41 

Washington, D.C., rocksfrom 47 

Washington, H. S.. acknowledgmenta to 22,65 

cited on composition of the average rock 66 

diagrams used by, reference to 11 

rock analyses cited from paper by, reference to . . . 21 

Websterase 5M0 

Websteriase 60 

Websterite 60,88 

Websterose 60 

Wchrlase 66 

Wehrliase 56 

Wehrlite 64.66,88 

Wehrloee 66 

Westphalia, rock from 24,48,57 

Westphalose 24 

Wyoming, rocks from SO, 32, 36, 87, 40, 41 , 42, 48, 49, 58, 62 

Wyomingase 60,86 

Wyomingite 48,86 



Yellowstone Park, rocksfrom 23, 

24, 26, 27, 28, 29, 80, 36, 37, 38, 40, 41, 42. 48. 49, 67 

Yellowstonose .* .8C 

Yukonose 24 
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